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1 ͸͡Ίʹ
1 ͸͡Ίʹ
ௌ֮ো֐ऀ͕ԻָΛड͚ೖΕɼ༗ޮ׆༻Ͱ͖Δ͜ͱ͸ɼ༷ʑͳ෼໺Ͱͷݚڀʹ͓͍ͯࣔࠦ͞Ε͍ͯ
Δ [4, 7, 26, 36, 37]ɽ·ͨɼௌ֮ো֐ऀͷ൒਺Ҏ্͸ԻָΛੵۃతʹָ͠ΜͰ͍Δ͜ͱ͕ෳ਺ͷΞϯέʔτ
ௐ͔ࠪΒ෼͔͍ͬͯΔ [10,23,30]ɽ൴Β͸ɼ୯ʹԻָΛௌऔ͢ΔҎ֎ʹ΋ɼΧϥΦέɼԻָήʔϜɼμϯε
΍ָثԋ૗ͳͲɼ༷ʑͳܗͰԻָͱਂؔ͘Θ͍ͬͯΔ [23]ɽҰํͰɼԻָௌऔʹෆ҆Λײ͍ͯ͡Δௌ֮ো
֐ऀ΋͍Δɽࣗ෼ͷௌ͍͍ͯΔԻָ͕݈ௌऀͱಉ͡Ͱ͸ͳ͍ՄೳੑΛߟ͑ͨΓɼΧϥΦέͰʮೖΓ͕෼͔Β
ͳ͍ʯͱযΔ͜ͱ΋͋Δɽ
ԻָΛָ͠ΈɼΑΓࣗ৴Λָ࣋ͬͯ͠Έ͍ͨͱ͍͏ௌ֮ো֐ऀʹ޲͚ͨԻָτϨʔχϯά͸༗༻Ͱ͋Δɽ
ઌߦݚڀʹ͓͍ͯɼௌ֮ো֐ऀʹ޲͚ͨԻָτϨʔχϯάͷՄೳੑΛௐࠪͨ͠΋ͷ [22]΍ɼ࣮ࡍͷτϨʔ
χϯάΛఏҊ͍ͯ͠Δ΋ͷ [8, 11]͕͋Δɽ͜ΕΒͷݚڀ͸ɼௌ֮ো֐ऀ͕τϨʔχϯάΛ௨ͯ͡Իߴͷ஌
֮΍ָثͷԻ৭ͷௌ͖෼͚ͷೳྗΛ޲্ͤ͞Δ͜ͱ͕ՄೳͰ͋Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ
ຊݚڀͰ͸ɼԻָʹ͓͍ͯॏཁͳཁૉͷҰͭͰ͋ΔϦζϜʹண໨͠ɼௌ֮ো֐ऀΛର৅ͱͯ͠ೋͭͷ࣮ݧ
Λ͓͜ͳͬͨɽʮ௕ظ࣮ݧʯͰ͸ɼϦζϜೝ஌ೳྗ޲্ͷͨΊͷτϨʔχϯάͷ࣮ݱՄೳੑͷݕ౼Λओͳ໨
తͱ͠ɼ௕ظతʹௌ֮ো֐ऀʹτϨʔχϯάΛҙਤͨ͠ԻָήʔϜʢλοϐϯάήʔϜʣΛϓϨΠͯ͠΋
Βͬͨɽʮ೉қ౓࣮ݧʯͰ͸ɼௌ֮ো֐ऀ͕ԻָΛௌ͘ࡍʹϦζϜΛೝ஌͠΍͍͢ۂɾͮ͠Β͍ۂ͕͋Δ͜
ͱʹண໨͠ɼͦͷ೉қ౓ج४Λௐࠪͨ͠ɽ·ͨɼ૒ํͷ࣮ݧʹ͓͍ͯɼௌ֮ো֐ऀͷϦζϜೝ஌ೳྗΛܭଌ
͢ΔͨΊʹɼIversenΒͷߟҊͨ͠ Beat Alignment Test [17]ʹج͍ͮͨγεςϜΛ࢖༻ͨ͠ɽ
1.1 ௌ֮ো֐
ௌ֮ো֐ʹ͸छྨɼఔ౓͕͋Γɼݸਓ͕ࠩେ͖͍΋ͷͰ͋Δɽ
ௌ֮ো֐ͷఔ౓ʹ͍ͭͯɼWHOʹΑΔ෼ྨ*1Λࣔ͢ʢද 1.1ʣɽ
ද 1.1: ௌ֮ো֐ͷఔ౓ʹؔ͢Δ෼ྨ
෼ྨ ฏۉௌྗϨϕϧ ฉ͑͜
ো֐ͳ͠ 0-25dB ͞͞΍͖੠Λௌ͖औΔ͜ͱ͕Ͱ͖Δɹ
ܰ౓೉ௌ 26-40dB 1ϝʔτϧͷڑ཭Ͱී௨ͷฉ͖औΓ͕Մೳ
த౓೉ௌ 41-60dB 1ϝʔτϧͷڑ཭Ͱେ͖ͳ੠Ͱͷฉ͖औΓ͕Մೳ
ߴ౓೉ௌ 61-80dB ྑ͍ํͷࣖ΁ڣ͹Εͨݴ༿͕ฉ͖औΓ͕Մೳ
ॏ౓೉ௌ 81dB- Ի੠ݴޠͷड༰͕ࠔ೉
͜ͷදͰɼฏۉௌྗϨϕϧ Hmean ͸ɼҎԼͷࣜʹΑͬͯٻΊΒΕΔɽ
Hmean = (H500Hz +H1000Hz ∗ 2 +H2000Hz)/4 (1)
H500Hz, H1000Hz, H2000Hz ͸ͦΕͧΕɼΦʔδΦϝʔλʔͰܭଌͨ͠ 500Hz, 1000Hz, 2000HzͷԻͷ
*1 World Health Organisation (2008೥), http://copublications.greenfacts.org/en/hearing-loss-personal-music-player-
mp3/ﬁgtableboxes/table-4.htm , 2017೥ 1݄ 10೔Ӿཡ
1
1 ͸͡Ίʹ
ௌྗϨϕϧ*2 Λࢦ͢ɽ͜ͷܭࢉํ๏͸ 4෼๏ͱݺ͹ΕΔɽ1000Hzલޙͷप೾਺͸Ի੠ͷೝࣝʹॏཁͰ͋
ΔͨΊɼձ࿩ͷೳྗΛॏࢹͨ͠ܭଌํ๏Ͱ͋ΔɽຊݚڀͰ͸ओͱͯ͠ߴ౓೉ௌ͋Δ͍͸ͦΕΑΓ΋ॏ͍ௌ
֮ো֐ऀΛର৅ͱ͢Δɽ
ௌྗ͸ΦʔδΦϝʔλʔʹΑͬͯଌΒΕɼͦͷ݁Ռ͸ΦʔδΦάϥϜͱ͍͏άϥϑͰࣔ͞ΕΔɽΦʔδ
ΦάϥϜͷҰྫΛࢀߟจݙ [28]͔ΒҾ༻ͯ͠ਤ 1.1ʹࣔ͢ɽ
ਤ 1.1: ΦʔδΦάϥϜͷҰྫʢࢀߟจݙ [28]ΑΓҾ༻ʣ
ΦʔδΦάϥϜ͸ɼԣ࣠͸प೾਺ɼॎ࣠͸ௌྗϨϕϧʢdB HLʣΛද͍ͯ͠ΔɽԼͷํ͕ௌྗ͕௿͍͜
ͱΛද͢ɽϓϩοτ͕ 2ϥΠϯ͋Δͷ͸ɼͦΕͧΕӈࣖͱࠨࣖΛ͍ࣔͯ͠Δɽ
͜͏͍ͬͨΦʔδΦάϥϜͷ֓ܗʹΑΔௌ֮ো֐ͷ෼ྨ΋ՄೳͰ͋Δɽࢀߟจݙ [35]͔ΒҾ༻ͯ͠ਤ 1.2
ʹࣔ͢ɽ
*2 ௌྗଛࣦͷ౓߹͍ɽ֤प೾਺Ͱͷ࠷খՄௌᮢ஋ʢݕ஌Ͱ͖ΔԻͷ͏ͪ࠷΋খ͞ͳԻʣΛਖ਼ৗͳௌྗͱൺ΂ͨࠩͱͯࣔ͢͠ɽ୯
Ґ͸ dB HLɽ
2
1 ͸͡Ίʹ
ਤ 1.2: ΦʔδΦάϥϜͷ֓ܗʹΑΔ෼ྨʢࢀߟจݙ [35]ΑΓҾ༻ʣ
ͲͷΑ͏ͳ֓ܗͰ͋Δ͔͸ݸਓʹΑͬͯҟͳΔͨΊɼಉ͡ฏۉௌྗϨϕϧͰ͋ͬͯ΋ฉ͑͜͸શ͘ҟͳ
ΔՄೳੑ͕͋Δɽ
·ͨɼิௌث΍ਓ޻಺ࣖʹΑͬͯ΋ฉ͑͜͸มΘΔɽิௌث͸ҰൠʹɼपғͷԻΛϚΠΫϩϗϯͰर͍ɼ
૿෯ͯࣖ͠ݩͷεϐʔΧʔͰྲྀ͢ͱ͍͏ߏ଄Λ͍ͯ͠Δɽ͜ͷ૿෯ͷաఔͰԻ৘ใͷҰ෦͕ࣦΘΕΔ͜ͱ
΍ɼ૿෯ͯ͠΋ฉ͖औΓෆՄೳͳप೾਺ଳ͕ਓʹΑͬͯଘࡏ͠͏ΔͨΊɼิௌث૷༻ऀͰ͋ͬͯ΋ௌྗ͸׬
શʹิঈ͞ΕΔΘ͚Ͱ͸ͳ͍ɽ·ͨɼਓ޻಺ࣖ͸ɼ಺ࣖʹిۃΛຒΊࠐΈɼԻΛ௚઀తʹిؾ৴߸ʹม׵͢
Δɽਓ޻಺ࣖͷੑ্࣭ɼిۃͷݸ਺͕ݶΒΕΔͨΊप೾਺෼ղೳ͕ஶ͘͠௿Լ͢Δ͜ͱɼ·ͨɼ಺ࣖͷҰ෦
ʹ͔͠ిۃΛຒΊࠐΊͳ͍ͨΊʹɼप೾਺ͷରԠؔ܎͕݈ௌऀͱҟͳΔ͜ͱʢྫ͑͹ɼ࿨Ի΍ෆڠ࿨Իͷ۠
ผ͕ࠔ೉ͱͳΔʣ͕ಛ௃Ͱ͋Δɽ
1.2 ԻָͷதͷϦζϜ
ϦζϜ͸ɼϝϩσΟ΍Ի৭ͳͲͱಉ༷ʹɼԻָʹ͓͚ΔॏཁͳཁૉͷҰͭͰ͋ΔɽԻָͷཁૉΛ஌֮͠ཧ
ղ͢Δ͜ͱ͸ɼԻָΛָ͠ΉͨΊʹॏཁͳ͜ͱͰ͋ΓɼಛʹϦζϜΛೝ஌͢Δ͜ͱ͸ɼָثԋ૗΍μϯεͳ
ͲͷԻָ׆ಈ΁ͷࢧ͑ͱ΋ͳΔɽ·ͨɼௌ֮ো֐ऀ͸ɼϦζϜΛॏཁͳख͕͔Γͱͯ͠ԻָΛಉఆ͢Δ͜ͱ
͕෼͔͍ͬͯΔ [12, 19]ɽҰํͰɼଟ͘ͷΖ͏ֶߍͰ͸ɼԻָͷतۀͰϦζϜͷཧղΛଅ͢͜ͱΛࠔ೉ͩͱ
͍ͯ͠Δ͜ͱ͕൑໌͍ͯ͠Δ [29]ɽ͜ͷΑ͏ͳঢ়گ͔ΒɼϦζϜΛཧղ͢ΔೳྗͷτϨʔχϯά͸ௌ֮ো
֐ऀʹͱͬͯ༗ҙٛͰ͋Δͱߟ͑Δɽ
ʮϦζϜΛཧղ͢Δೳྗʯͱ͍ͬͯ΋ɼͦͷܭଌํ๏͸ఆ·͍ͬͯͳ͍ɽௌ֮ো֐ऀΛର৅ͱͨ͠ܭଌํ
๏ʹݶͬͯ΋ɼଟ͘ͷݚڀऀ͕ҟͳΔํ๏ΛఏҊ͖ͯͨ͠ [2, 3, 13, 16, 21, 38]ɽ͔͠͠ɼ͜ΕΒͷख๏͸ɼ
ʮ୯ટ཯ͷϦζϜύλʔϯʹରͯ͠ͷหผɾಉఆʯͳͲͷΑ͏ͳɼ࣮ݧͷͨΊʹ࡞ΒΕͨԻΛ༻͍ͯͷɼج
ૅతͳϦζϜೳྗͷܭଌʹͱͲ·͍ͬͯΔɽ࣮ࡍͷԻָ͸͞ΒʹෳࡶͰ͋ΔɽԻָ͔ΒϦζϜΛཧղ͢Δ
ͨΊʹ͸ɼෳࡶʹॏ৞͞ΕͨԻͷத͔ΒɼϦζϜΛڧ͘ද͢ԻΛબ୒తʹௌऔ্ͨͰϦζϜΛೝ஌͢Δೳྗ
͕ٻΊΒΕΔɽௌ֮ো֐ऀ͸ɼγϯϓϧͳλεΫʹ͓͍ͯ͸ൺֱతϦζϜΛཧղͰ͖Δ΋ͷͷɼ࣮ࡍͷԻָ
ௌऔʹٻΊΒΕΔΑ͏ͳෳࡶͳλεΫͰ͸ϦζϜΛཧղ͢Δ͜ͱ͕ࠔ೉Ͱ͋Δ [19]ɽ
Իָʹ͓͚ΔϦζϜͷཧղʹ͸ɼௌऔ͠ͳ͕ΒʮഥʯΛೝ஌͢Δ͜ͱ͕ॏཁͰ͋Δͱߟ͑Δɽഥͱ͸Իָ
3
1 ͸͡Ίʹ
ͷʮλΠϛϯάͷΑΓͲ͜ΖͱͳΔ࣌ؒͷ୯Ґ*3ʯͰ͋ΓɼԻָʹ߹Θͤͨखഥࢠ΍ɼࢦشऀͷखͷಈ͖ʹ
ݟΒΕΔΑ͏ͳɼԻָͷجຊతͳ౳ִؒͷϦζϜߏ଄Ͱ͋ΔɽैͬͯɼԻָΛௌ͖ͳ͕ΒഥΛೝ஌Ͱ͖Δ͔
൱͔Λɼຊݚڀʹ͓͚ΔϦζϜೳྗͷࢦඪͱ͠ɼ͜ͷೳྗͷ͜ͱΛʮϦζϜೝ஌ೳྗʯͱݺͿɽ
ϦζϜೝ஌ೳྗΛܭଌ͢ΔͨΊͷํ๏ͱͯ͠ओʹʮλοϐϯάʯʹΑΔܭଌΛ࠾༻͢Δɽλοϐϯάͱ
͸ɼʮҰఆͷϦζϜʹ͕ͨͬͯ͠ܧଓతʹೖྗσόΠεΛλοϓ͢Δʯͱ͍͏ߦҝΛࢦ͠ɼϦζϜʹؔ͢Δ
ݚڀʹ͓͍ͯ޿͘༻͍ΒΕ͍ͯΔ [33]ɽԻָ΁ͷλοϐϯάʹΑͬͯϦζϜೝ஌ೳྗΛܭଌͨ͠ઌߦݚڀ
͔Βɼ݈ௌऀ͸Իָ΁ͷλοϐϯάΛඇৗʹ༰қʹ͓͜ͳ͑Δ [9, 17]ҰํͰɼௌ֮ো֐ऀͷ৔߹ɼฏۉௌ
ྗϨϕϧ΍ԻָܦݧʹΑͬͯ͸ɼԻָ΁ͷλοϐϯά͕ࠔ೉Ͱ͋Δऀ΋ଟ͍͘Δ [25]͜ͱ͕෼͔͍ͬͯΔɽ
ຊݚڀͰ͸ɼޙड़͢Δೋͭͷ࣮ݧʹ͓͍ͯɼIversen Β͕։ൃͨ͠ Beat Alignment Test [17] Λ༻͍ͯ
ϦζϜೝ஌ೳྗͷܭଌΛߦ͏ɽBeat Alignment Test͸ 4ͭͷαϒςετ͔ΒͳΓɼ3ͭ໨ͷαϒςετ
ʢϏʔτλοϐϯάʣ͕ɼԻָʹ߹ΘͤͨλοϐϯάͰ͋Δɽ
1.3 ԻָήʔϜʹΑΔτϨʔχϯά
ήʔϛϑΟέʔγϣϯʢඇήʔϜతͳίϯςΫετʹήʔϜσβΠϯͷཁૉΛ࢖༻͢Δ͜ͱ [5]ʣ͸ɼֶ
श΍τϨʔχϯάͷޮ཰Λ޲্ͤ͞Δ͜ͱ͕஌ΒΕ͍ͯΔɽήʔϜʹ͸࢖༻ऀͷ಺ൃతಈػ͚ͮʢϓϨΠ
ࣗମ΍ϓϨΠʹ൐͏ٕೳͷ޲্ʹΑΔಈػ͚ͮʣΛଅਐͤ͞ΔޮՌ͕͋Γɼֶश΍τϨʔχϯάͷޮೳΛ޲
্ͤ͞Δ [20]ɽήʔϛϑΟέʔγϣϯΛద༻ͨ͠τϨʔχϯά͸޿͍෼໺Ͱݚڀ͞Ε͓ͯΓɼೝ஌తͳೳ
ྗΛର৅ͱͨ͠τϨʔχϯάͷޮՌ޲্΋ใࠂ͞Ε͍ͯΔ [18, 39]ɽຊݚڀͰѻ͏ϦζϜೝ஌ೳྗ΋ɼͦͷ
Α͏ͳೝ஌ೳྗͱಉछͷ΋ͷͰ͋Δͱߟ͑ɼϦζϜೝ஌ೳྗͷτϨʔχϯάΛɼήʔϛϑΟέʔγϣϯΛద
༻͓ͯ͜͠ͳ͏͜ͱͱͨ͠ɽ
ϦζϜೝ஌ೳྗΛτϨʔχϯά͢ΔͨΊͷήʔϜΛ։ൃ͢Δʹࡍͯ͠ɼ঎༻ͷԻָήʔϜʢbeatmania
IIDX, ଠޑͷୡਓ, Guitar HeroͳͲʣΛࢀߟͱ͢ΔɽҰൠʹɼଟ͘ͷԻָήʔϜ͸ɼʮԻָΛௌ͖ͳ͕Βɼ
ը໘ʹՄࢹԽ͞ΕΔϦζϜʹ߹ΘͤͯԿΒ͔ͷૢ࡞Λߦ͏ʯͱ͍͏ܗࣜΛͱ͍ͬͯΔɽ͜ͷܗࣜʹ͓͍ͯɼ
ήʔϜͰ޷੒੷Λ֫ಘ͢ΔͨΊʹ͸ϦζϜೝ஌ೳྗ͕ඞਢͰ͋Δɽ͜ͷΑ͏ͳήʔϜΛ܁Γฦͯ͠ϓϨΠ
͢Δ͜ͱ͕ϦζϜೝ஌ೳྗͷ޲্ʹد༩͢ΔՄೳੑ͸े෼ʹߟ͑ΒΕΔɽ·ͨɼԻָήʔϜͰ͸ԻָΛू
தͯ͠ௌ͘͜ͱ͕ٻΊΒΕΔͨΊɼීஈͷௌऔͰ͸ಘΒΕͳ͍ؾ͖ͮΛ༩͑ΔՄೳੑ΋͋Δɽ
Ҏ্ͷΑ͏ͳߟ͑ͷ΋ͱɼզʑ͸ҰൠతͳԻָήʔϜʹڞ௨͢ΔཁૉΛ࠾༻ͨ͠ʮλοϐϯάήʔϜʯ
Λ։ൃ͠ɼຊݚڀͰ༻͍Δ͜ͱͱͨ͠ɽҰൠతͳԻָήʔϜͷڞ௨ཁૉ͚ͩΛ࢖༻͍ͯ͠Δ͜ͱ͔Βɼ͜
ͷήʔϜͷτϨʔχϯάޮՌΛݕূ͢Δ͜ͱͰɼଞͷଟ͘ͷԻָήʔϜͷޮՌ΋ಉ࣌ʹݕূ͢Δ͜ͱ͕Ͱ
͖Δɽ
λοϐϯάήʔϜͷը໘Λਤ 1.3ʹࡌͤΔɽ
*3 ೔ຊԻڹֶձ. (2003). ৽൛Իڹ༻ޠࣙయ.
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ਤ 1.3: λοϐϯάήʔϜͷը໘
ը໘ʹදࣔ͞ΕΔϦζϜ৘ใΛཔΓʹ͠ͳ͕ΒɼԻָʹ߹Θͤͯࢦఆͷ৔ॴΛλονύωϧͰλοϓ͢
ΔήʔϜͰ͋Δɽਖ਼͍͠λΠϛϯάͰਖ਼͍͠৔ॴΛλοϓͰ͖Ε͹ಘ఺͕ೖΓɼϓϨΠϠʔ͸ߴಘ఺Λऔ
Δ͜ͱΛ໨ඪͱ͢Δɽ
1.4 λοϐϯάήʔϜͷ୹ظతֶशޮՌ
զʑ͕Ҏલߦ࣮ͬͨݧͰ͸ɼௌ֮ো֐ऀ͕λοϐϯάήʔϜΛϓϨΠ͢Δͱ୹ظతʹ͸ֶशޮՌ͕ੜ͡
Δ͜ͱ͕෼͔ͬͨ [24]ɽ͢ͳΘͪɼήʔϜͷϓϨΠ௚લͰϦζϜΛௌ͖औΕͳָ͔ͬͨۂ͕ɼϓϨΠ௚ޙ
Ͱ͸ϦζϜΛௌ͖औΕΔΑ͏ʹͳͬͨɽ͜ͷ୹ظతͳֶशޮՌ͸ɼλοϐϯάήʔϜͷಛ௃Ͱ͋ΔʮՄࢹԽ
͞ΕͨϦζϜͷදࣔʢࢹ֮ख͕͔ΓʣʯʹىҼ͢Δ͜ͱ͕֬ೝ͞Εͨɽͭ·Γɼ୯ʹಉָ͡ۂΛ܁Γฦ͠ௌ
͍ͯϦζϜΛ֮͑Δɼͱ͍͏Θ͚Ͱ͸ͳ͘ɼήʔϜͷϓϨΠ͕ϦζϜೝ஌ೳྗΛ޲্ͤͨ͜͞ͱΛࣔࠦͯ͠
͍Δɽͨͩ͠ɼ୹ظతͱশ͍ͯ͠ΔΑ͏ʹɼήʔϜͷϓϨΠͷ௚લͱ௚ޙɼ͔ͭಉָ͡ۂʹରͯ͠ɼͱ͍͏
ݶఆతͳϦζϜೝ஌ೳྗͷ޲্Λࣔͨ͠ʹ͗͢ͳ͍ɽ
ΑͬͯຊݚڀͰ͸ɼλοϐϯάήʔϜ͕ɼ௕ظతʹɼ༷ʑͳָۂʹԠ༻ՄೳͳϦζϜೝ஌ೳྗͷτϨʔχ
ϯάʹ଍Γ͏Δ͔ɼͱ͍͏఺Λݕ౼͢ΔͨΊͷ࣮ݧΛ͓͜ͳͬͨɽݴ͍׵͑Ε͹ɼ୹ظతͳ࣮ݧͰ؍ଌ͞Ε
ֶͨशޮՌ͕ɼ௕ظతʹఆண͢Δ΋ͷͰ͋Δ͔Λݕূ͢Δ࣮ݧͰ͋Δɽ͜ͷ࣮ݧΛຊߘͰ͸ʮ௕ظ࣮ݧʯͱ
ݺͼɼୈ 2અͰهड़͢Δɽ·ͨɼ௕ظ࣮ݧΛ௨ͯ͠ɼλοϐϯάήʔϜͷվળΛࢼΈͨ΄͔ɼௌ֮ো֐ऀͷ
ϦζϜʹؔ͢Δೳྗͷجૅσʔλͷऩू΋͓͜ͳͬͨɽ
1.5 ϦζϜೝ஌೉қ౓
ҰൠʹɼτϨʔχϯά͸ద੾ͳ೉қ౓ͷઃఆΛཁ͢Δɽ͜ͷߟ͑ํ͸ݩʑ͸ൃୡ৺ཧֶʹ͓͚Δʮൃୡͷ
࠷ۙ઀ྖҬ [40]ʯͱݺ͹ΕΔɼʮஈ֊తͳ໰୊ղܾ͕ࢠڙͷൃୡΛଅਐ͢Δʯͱ͍͏આʹجͮ͘΋ͷͰ͋Δɽ
͜ͷΑ͏ͳɼஈ֊తͳ໰୊ղܾɼ͢ͳΘͪλεΫͷ೉қ౓ͷ࠷దԽ͕ɼൃୡ͚ͩͰͳ͘ɼτϨʔχϯά΍ֶ
शաఔશൠʹ΋༗ޮͰ͋Δ͜ͱ͕ࢦఠ͞Ε͍ͯΔ [34]ɽ
·ͨɼઌड़ͷ୹ظతͳֶशޮՌΛݕূ͢Δ࣮ݧ [24]Ͱ͸ɼʮָۂͷ೉қ౓ʯ͕ϦζϜೝ஌ೳྗͷ޲্ʹେ
͖͘Өڹ͢Δ͜ͱ͕෼͔ͬͨɽ͢ͳΘͪɼʮϦζϜΛೝ஌͠΍ָ͍͢ۂʯʹ͓͍ͯɼήʔϜͷϓϨΠޙʹϦ
ζϜೝ஌͕༰қͱͳΔ܏޲͕ڧ͔ͬͨɽ͔͠͠ɼ୹ظతͳ࣮ݧͰ͸ɼ೉қ౓ͷج४Λɼௌ֮ো֐ऀΒͷূ
ݴͱɼ࣮ݧ࣮ࢪऀͷओ؍Ͱܾఆ͍ͯͨͨ͠ΊɼϦζϜΛೝ஌͠΍ָ͍͢ۂͷج४͕໌֬ʹ͸ఆ·͍ͬͯͳ
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͔ͬͨɽ
Ҏ্ͷΑ͏ͳഎܠ͔ΒɼϦζϜೝ஌ೳྗͷτϨʔχϯάʹ͓͍ͯɼָۂ͝ͱͷϦζϜೝ஌ͷ೉қ౓ج४Λ
ࡦఆ͢Δ͜ͱ͸ॏཁͰ͋Δͱߟ͑Δɽ͕ͨͬͯ͠ɼԻָͷͲͷΑ͏ͳཁૉ͕ϦζϜௌ֮ো֐ऀͷೝ஌೉қ
౓ʹӨڹΛ༩͑Δ͔Λݕ౼͢ΔͨΊͷ࣮ݧΛ͓͜ͳͬͨɽ͜ͷ࣮ݧͷ͜ͱΛʮ೉қ౓࣮ݧʯͱݺͼɼୈ 3અ
Ͱهड़͢Δɽ
1.6 ຊݚڀͷ໨తͱ࣮ݧ֓ཁ
ຊݚڀͰ͸ɼௌ֮ো֐ऀͷϦζϜೝ஌ೳྗʹ͍ͭͯͷ஌ݟΛਂΊΔͨΊʹɼ2ͭͷ࣮ݧΛ͓͜ͳͬͨɽ
1 ͭ໨ͷʮ௕ظ࣮ݧʯͰ͸ɼλοϐϯάήʔϜͷ௕ظతͳϦζϜೝ஌ೳྗ޲্ޮՌΛݕ౼͢Δ࣮ݧͰ͋
Γɼୈ 2અͰৄड़͢Δɽ·ͨɼ௕ظ࣮ݧͰ͸ɼ෭࣍తʹɼ࣮ݧΛ௨ͯ͠λοϐϯάήʔϜͷվળΛࢼΈͨ΄
͔ɼௌ֮ো֐ऀͷϦζϜʹؔ͢Δجૅσʔλͷऩू΋͓͜ͳͬͨɽ
2ͭ໨ͷʮ೉қ౓࣮ݧʯͰ͸ɼԻָͷͲͷΑ͏ͳཁૉ͕ɼௌ֮ো֐ऀͷϦζϜೝ஌೉қ౓ʹӨڹΛ༩͑Δ
͔Λݕ౼͢ΔͨΊͷ࣮ݧͰ͋Γɼୈ 3અͰৄड़͢Δɽ
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2 ௕ظ࣮ݧ
2 ௕ظ࣮ݧ
2.1 ํ๏
զʑͷ։ൃͨ͠λοϐϯάήʔϜ͕ɼௌ֮ো֐ऀͷϦζϜೝ஌ೳྗΛ޲্ͤ͞Δ͔Λௐ΂ΔͨΊʹɼ௕ظ
తͳ࣮ݧΛ͓͜ͳͬͨɽ
࣮ݧ͸τϨʔχϯάύʔτͱςετύʔτʹ෼͔ΕΔɽτϨʔχϯάύʔτͰ͸λοϐϯάήʔϜΛϓ
ϨΠ͠ɼςετύʔτͰϦζϜೝ஌ೳྗͷ֬ೝΛߦ͏ɽτϨʔχϯάύʔτ͸Ұճʹ͖ͭ 1ϲ݄ఔ౓Ͱ͋
ΓɼͦΕΛܭ 5 ճɼؒΛۭ͚ͣʹߦͬͨɽςετύʔτ͸ 1 ճ 20 ෼ఔ౓ͷςετͰ͋Γɼ࣮ݧͷ։࢝લ
ʢτϨʔχϯάະ࣮ࢪ࣌ʣɼ͓Αͼ֤τϨʔχϯάύʔτͷऴྃ࣌ʹ࣮ࢪͨ͠ɽܭ 6ճ࣮ࢪͨ͠ςετύʔ
τͷ݁ՌΛൺֱ͢Δ͜ͱʹΑΓɼϦζϜೝ஌ೳྗͷมԽΛݕূͨ͠ɽ
·ͨɼ࣮ݧΛ௨ͯ͠ɼௌ֮ো֐ऀͷϦζϜʹؔ͢Δೳྗͷ෼ੳ΋ߦͬͨɽ࣮ݧͷओ໨త͸ϦζϜೝ஌ೳྗ
ͷมԽΛݕূ͢Δ͜ͱͰ͋Δ΋ͷͷɼͦΕҎ֎ͷجૅσʔλͷऩू΋Ҏޙͷݚڀʹ͓͍ͯ༗༻Ͱ͋Δͱߟ
͑ɼ͜ΕΛ෭࣍తʹௐ΂Δ͜ͱͱͨ͠ɽ
࣮ݧظؒதɼλοϐϯάήʔϜʹؔͯ͠ඃݧऀʹҙݟௌऔΛߦ͍ɼτϨʔχϯάύʔτͷڥ໨͝ͱʹλο
ϐϯάήʔϜͷΞοϓσʔτΛ͓͜ͳͬͨɽৄࡉ͸ҎԼͷτϨʔχϯάύʔτɾςετύʔτͷ߲໨Ͱड़
΂Δɽ
·ͨɼ࣮ݧऴྃޙʹ͸ɼओ؍ධՁΞϯέʔτΛ͓͜ͳͬͨɽ
2.1.1 ඃݧऀ
࣮ݧʹ͸ 4໊ͷௌ֮ো֐ऀ͕ࢀՃͨ͠ɽҎԼͰ͸ɼඃݧऀΛͦΕͧΕ S1, S2, S3, S4ͱݺশ͢Δɽ͍ͣ
Ε΋ 20 ࡀ͔Β 21 ࡀͷେֶੜͰ͋ΓɼS2 ͸ฏۉௌྗϨϕϧ 76dB, ଞ 3 ਓ͸ 100dB Ҏ্ͷௌྗଛࣦΛ࣋
ͭɽ͍ͣΕͷඃݧऀ΋ݴޠ֫ಘલʹௌྗΛଛࣦ͍ͯ͠Δɽඃݧऀ S1͸ยࣖʹਓ޻಺ࣖΛ૷༻͓ͯ͠Γɼͦ
ͷଞͷඃݧऀ͸࣮ݧதʹิௌثΛ૷༻͍ͯͨ͠ɽ
2.1.2 τϨʔχϯάύʔτ
τϨʔχϯάύʔτͰ͸ɼλοϐϯάήʔϜΛΠϯετʔϧͨ͠λϒϨοτ୺຤ʢSurface Pro 3,
Windows8.1ʣΛඃݧऀʹି͠ɼૢ࡞ํ๏Λઆ໌্ͨ͠Ͱ֤ࣗࣗ༝ʹϓϨΠͯ͠΋Βͬͨɽͪ͜Β͔ΒϓϨ
Π࣌ؒɾස౓ͳͲͷࢦఆ͸͠ͳ͔ͬͨɽ
λοϐϯάήʔϜͷجຊతͳΠϯλʔϑΣʔε͸ɼୈ 1.3߲Ͱड़΂ͨ௨Γɼʮը໘ʹදࣔ͞ΕΔϦζϜ৘
ใΛཔΓʹ͠ͳ͕ΒɼԻָʹ߹Θͤͯࢦఆͷ৔ॴΛλοϓ͢Δʯͱ͍͏ήʔϜͰ͋Δɽͨͩ͠ɼ࣮ݧͰ࢖༻
ͨ͠λοϐϯάήʔϜ͸ҎԼͷ 3ͭͷϞʔυΛ༻ҙͨ͠ɽ
•ʮ೉͍͠ʯϞʔυ
Իָͷ༷ʑͳϦζϜʹ߹Θͤͯ 4ͭͷՕॴΛλοϓ͢Δʢਤ 1.3ʣɽ
•ʮγϯϓϧʯϞʔυ
Իָͷഥʹ߹Θͤͯ 1ͭͷՕॴΛλοϓ͢Δɽ
•ʮςετʯϞʔυ
ը໘ͷϦζϜՄࢹԽ৘ใΛඇදࣔʹͯ͠ɼԻָͷഥΛλοϓ͢Δɽ͢ͳΘͪɼޙड़͢Δςετύʔτ
ͷʮϏʔτλοϐϯάʯͱಉ༷ɽ
·ͨɼ࣮ݧத͸ɼඃݧऀʹదٓҙݟΛืΓɼΞοϓσʔτΛ͓͜ͳͬͨɽ࣮ࡍʹ͓͜ͳͬͨΞοϓσʔτ
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ͷྫΛҎԼʹڍ͛Δɽ
• Ϟʔυͷݟ௚͠ɽʮ೉͍͠ʯϞʔυ͸్த͔Βഇࢭ͠ɼʮςετʯϞʔυΛ్த͔Β௥Ճͨ͠ɽ
• λοϓͨ͠ͱ͖ͷϑΟʔυόοΫԻͷ༗ແͷઃఆɽ
• ϋΠείΞͷอଘɼߴಘ఺Λͱָͬͨۂ΁ͷҹ͚ͮɽ
•ʮςετʯϞʔυͷϓϨΠޙʹɼഥͱλοϓΛ࣌ؒ࣠ʹԊͬͯՄࢹԽදࣔ͢ΔϑΟʔυόοΫͷ௥Ճɽ
• ϢʔβʔΠϯλʔϑΣʔεɾը໘σβΠϯͷมߋɽը໘ΤϑΣΫτͷ௥Ճɽ
• ָۂͷ௥Ճɽ
λοϐϯάήʔϜʹ࢖༻ͨ͠Իָ͸ J-POPΛத৺ʹɼςετύʔτͰ͸࢖༻͠ͳָ͍ۂΛ 30ۂఔ౓Λ
༻ҙ͠ɼͦͷ͏ͪͷ 20ඵ-40ඵఔ౓Λநग़ͨ͠΋ͷΛ࢖༻ͨ͠ɽ
2.1.3 ςετύʔτ
ςετύʔτͰ͸ɼඃݧऀͷϦζϜೝ஌ೳྗͷςετΛߦ͏ɽςετʹ͸ɼIversenΒͷ։ൃͨ͠ Beat
Alignment Test [17] (ҎԼɼBAT)Λ࢖༻ͨ͠ɽγεςϜࣗମ͸ΦϦδφϧͷ BATͷ··Ͱ͋Δ͕ɼ࢖༻
͢Δܹࢗ͸มߋͨ͠ɽ
BAT͸ҎԼͷ 4ͭͷαϒςετʹΑͬͯߏ੒͞ΕΔɽ
1. ౳ִؒλοϐϯά
Կ΋ฉ͔ͣʹɼࣗ෼ͷୟ͖΍͍͢ςϯϙͰɼ౳ִؒͷλοϐϯάΛߦ͏ʢ15ඵؒɼ2ճʣɽ
2. ϝτϩϊʔϜλοϐϯά
౳ִؒͰ୹͍Ի͕໐ΔܹࢗʢϝτϩϊʔϜʣΛௌ͖ͳ͕ΒɼͦΕʹ߹ΘͤͨλοϐϯάΛߦ͏ɽ
3. Ϗʔτλοϐϯά
ԻָΛௌ͖ͳ͕Βɼͦͷഥʹ߹ΘͤͯλοϐϯάΛߦ͏ɽ
4. Ϗʔτύʔηϓγϣϯ
ԻָͱϝτϩϊʔϜ͕ಉ࣌ʹ໐ΔͷΛௌ͍ͯɼϝτϩϊʔϜ͕Իָͷഥʹ߹͍ͬͯΔ͔Ͳ͏͔Λ 2
୒Ͱ൑அ͢Δɽ
2.1.4 ςετύʔτͷܹࢗ
ςετύʔτ͸ຖճಉܹࢗ͡Λ࢖༻ͨ͠ɽͨͩ͠ɼςετύʔτͷ 3ճ໨͔Β͸ɼऩूσʔλΛ૿Ճ͞
ͤΔͨΊʹɼϏʔτλοϐϯάɾϏʔτύʔηϓγϣϯʹ͓͍ܹͯࢗΛ௥Ճͨ͠ɽ
ϝτϩϊʔϜλοϐϯάͰ͸ɼ100msec, 1000Hzͷਖ਼ݭ೾͕౳ִؒͰ໐ΔԻྻʢ͜͏͍ͬͨԻྻͷ͜ͱ
ΛຊߘͰ͸ϝτϩϊʔϜͱݺͿʣΛ࢖༻ͨ͠ɽ͜͜Ͱ͸ɼԻͱԻͷִؒʢInter-Onset Interval: IOIʣ͕
400msec, 550msec, 700msec ͷ 3 छྨͷϝτϩϊʔϜΛ࢖༻ͨ͠ɽ͍ͣΕͷܹࢗ΋શମͰ 15 ඵͷ௕͞ͱ
ͨ͠ɽͳ͓ɼ࣮ݧલʹࣄલʹͦΕͧΕͷඃݧऀʹ͍ͭͯɼ1000Hzͷਖ਼ݭ೾Λݕ஌Ͱ͖Δ͜ͱ͸֬ೝࡁΈͰ
͋Δɽ
ϏʔτλοϐϯάͰ࢖༻ܹͨࢗ͠Λද 2.1ʹهࡌ͢Δɽܹࢗͷ͏ͪ൒෼͸ΦϦδφϧͷ BAT [17]ͷ΋ͷ
Λ࢖༻͠ɼ࢒Γͷ൒෼͸೔ຊͷָۂΛ࢖༻ͨ͠ɽܹࢗ͸ͦΕͧΕɼָۂதͷҰ෦෼Λ 15ඵ-25ඵఔ౓Λந
ग़ͨ͠ɽςετύʔτͰ࢖༻ָͨ͠ۂ͸͢΂ͯɼτϨʔχϯάύʔτͰ࢖༻ָͨ͠ۂͱ͸ҟͳΔ΋ͷͰ͋
Δɽ·ͨɼςετύʔτͷ 3ճ໨͔ΒܹࢗΛ௥Ճͨ͠ɽ1ճ໨͔Β࢖༻ܹͨࢗ͠͸൪߸ 1-8Ͱ͋Γɼ9-12͸
௥Ճܹͨࢗ͠Ͱ͋Δɽ
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ද 2.1: ϏʔτλοϐϯάͰ༻͍ܹͨࢗ
൪߸ ָۂ໊ ΞʔςΟετ ύʔηϓγϣϯ
1 ͱͳΓͷττϩ Ҫ্͋ͣΈ ࢖༻
2 Super Scooter Happy ͖ΌΓʔͺΈΎͺΈΎʢΧόʔʣ
3 ຾Γඣ SEKAI NO OWARI
4 ཚΕ൅ ඒۭͻ͹Γ ࢖༻
5 Hard to Handle Black Crowes ࢖༻
6 Panama Van Halen
7 Tuxedo junction Glenn Miller ࢖༻
8 Richard Rogers Waltzes Boston Pops
9 Howlʟs Moving Castle ٱੴৡ
10 ͍Ζ͸ ΰεϖϥʔζ ࢖༻
11 Superman Boston Pops ࢖༻
12 Stompin’ at the savoy Benny Goodman
ϏʔτύʔηϓγϣϯͰ͸ɼϏʔτλοϐϯάͰ࢖༻ָͨ͠ۂͷ͏ͪ൒෼ͷ 6 ָۂΛ࢖༻ͨ͠ʢද 2.1
ύʔηϓγϣϯͷྻʣɽͦΕͧΕͷָۂʹରͯ͠ɼҎԼͷ 4ͭͷύλʔϯͷϝτϩϊʔϜΛ༻ҙͨ͠ɽ
• On Beat: ָۂͷഥͱಉҰλΠϛϯάɽ
• Tempo Error: ָۂͷഥΑΓςϯϙ͕ 10%଎͍ɼ·ͨ͸஗͍ɽ
• Phase Error: ָۂͱςϯϙ͸ಉҰ͕ͩλΠϛϯά͕ഥ͔Β 1/4ഥ෼ζϨ͍ͯΔɽ
• Syncopation: ָۂͱςϯϙ͸ಉҰ͕ͩλΠϛϯά͕ഥ͔Β 1/2ഥ෼ζϨ͍ͯΔɽ͢ͳΘͪɼγϯί
ϖʔγϣϯͷλΠϛϯάͰ໐Δɽ
6ָۂͱ 4ͭͷϝτϩϊʔϜͷύλʔϯʹ͍ͭͯɼ͢΂ͯͷ૊Έ߹ΘͤͰܹࢗΛ࡞੒͠ɼܭ 24ݸͷܹࢗ
Λ༻ҙͨ͠ɽOn Beat ͷύλʔϯ͸ʮԻָͷഥʹ߹͍ͬͯΔʯܹࢗͰ͋ΓɼTempo Error, Phase Error,
Syncopation͸͍ͣΕ΋ʮԻָͷഥʹ߹͍ͬͯͳ͍ʯܹࢗͱͨ͠ɽ
2.1.5 Ξϯέʔτ
࣮ݧऴྃޙʹ͸ඃݧऀʹର࣮ͯ͠ݧશମ΁ͷΞϯέʔτΛ͓͜ͳͬͨɽΞϯέʔτ߲໨ΛҎԼʹࣔ͢ɽ
1. λοϐϯάήʔϜ͸ԻָௌऔͷͨΊͷτϨʔχϯάʹ༗ޮͩͱࢥ͍·͔ͨ͠ʁ
2. λοϐϯάήʔϜΛϓϨΠ͢Δ͜ͱͰɼࣗ෼ͷԻָௌऔೳྗ΍ϦζϜײ͕޲্ͨ͠ͱࢥ͍·͔͢ʁ
3. λοϐϯάήʔϜΛϓϨΠ͢Δ͜ͱͰɼීஈԻָΛௌ͘ͱ͖ͷௌ͖ํ͕มΘΓ·͔ͨ͠ʁ·ͨɼม
ΘͬͨͷͰ͋Ε͹ͲͷΑ͏ʹมΘΓ·͔ͨ͠ʁ
4. λοϐϯάήʔϜͷվળ఺Λࣗ༝ʹهड़͍ͯͩ͘͠͞ɽ
5. ͦͷଞɼ࣮ݧશମ΁ͷҙݟ΍ײ૝ͳͲ͕͋Ε͹هड़͍ͯͩ͘͠͞ɽ
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2.2 ݁Ռ
2.2.1 ౳ִؒλοϐϯά
౳ִؒλοϐϯάͰ͸ɼςετύʔτͷճ਺ؒͷൺֱ͸ҙຯΛͳ͞ͳ͍ͨΊʢ·ͨɼൺֱͯ͠΋ࠩ͸ͳ
͔ͬͨͨΊʣɼ͢΂ͯͷճΛ·ͱΊͯ෼ੳͨ͠ɽ͢ͳΘͪɼ6ճͷςετύʔτʷ֤ 2ճͷ౳ִؒλοϐϯ
άʷ 4໊ͷඃݧऀɼܭ 48σʔλΛɼ4໊ͷඃݧऀ͕ 12ճͣͭ౳ִؒλοϐϯάΛߦͬͨ΋ͷͱΈͳ͢ɽ
ͦΕͧΕͷ౳ִؒλοϐϯάͰͷɼλοϓͱλοϓͷؒͷ࣌ؒʢInter-Tap Interval: ITIʣͷมભΛɼ֤
ඃݧऀ 12 ࢼߦʹରͯ͠ਤࣔͨ͠΋ͷΛҎԼʢඃݧऀ S1: ਤ 2.1ɼඃݧऀ S2: ਤ 2.2ɼඃݧऀ S3: ਤ 2.3ɼ
ඃݧऀ S4: ਤ 2.4ɼʣʹࣔ͢ɽॎ͕࣠ ITIͰ͋Γɼԣ࣠͸Կݸ໨ͷ ITIͰ͋Δ͔Λࢦ͠ɼҰຊͷઢ͕౳ִؒ
λοϐϯά 1ࢼߦΛද͢ɽઢ͕ਫฏʹ͚ۙΕ͹ҰఆִؒΛҡ࣋Ͱ͖͍ͯΔͱ͍͏͜ͱͰ͋Δɽશମతͳ܏
޲ͱͯ͠ɼ͘͝Ұ෦ͷࢼߦΛ೷͍ͯଟ͘͸ҰఆִؒΛҡ࣋Ͱ͖͓ͯΓɼ͔ͭଟ͘ͷࢼߦ͕ ITI = 0.5෇ۙ
ʹूத͍ͯ͠Δɽ
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ਤ 2.1: ඃݧऀ S1ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
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ਤ 2.2: ඃݧऀ S2ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
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ਤ 2.3: ඃݧऀ S3ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
11
2 ௕ظ࣮ݧ
0 10 20 30 40
0.
3
0.
4
0.
5
0.
6
0.
7
0.
8
Index
In
te
r−
Ta
p 
In
te
rv
al
 [s
ec
]
ਤ 2.4: ඃݧऀ S4ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
ͦΕͧΕͷ౳ִؒλοϐϯάʹ͓͚Δ ITI ͷฏۉΛɼͦͷࢼߦͰඃݧऀ͕ୟ͍ͨ ITI ͷ୅ද஋ʢ୅ද
ITIʣͱͨ͠ͱ͖ͷɼܭ 48ࢼߦʹ͓͚Δ୅ද ITIͷώετάϥϜΛਤ 2.5ʹࣔ͢ɽਤ͔ΒɼඃݧऀΒ͸ଟ
͘ͷࢼߦͰ ITI = 0.5෇ۙͰλοϐϯάΛ͓͜ͳͬͨ͜ͱ͕෼͔Δɽ
Preferred ITI
Fr
eq
0.3 0.4 0.5 0.6 0.7 0.8
0
2
4
6
8
10
mean
± 2sd
ਤ 2.5: ౳ִؒλοϐϯάͰඃݧऀ͕ୟ͍ͨ ITIʢPreferred ITIʣͷώετάϥϜ
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2.2.2 ϝτϩϊʔϜλοϐϯά
ϝτϩϊʔϜλοϐϯάͰ͸શඃݧऀɼ֓ͶϝτϩϊʔϜʹ߹Θͤͨλοϐϯά͕ߦ͍͑ͯͨͨΊɼ෼ੳ
͸ׂѪ͢Δɽ
2.2.3 Ϗʔτλοϐϯά
ϏʔτλοϐϯάͰ͸ɼͦͷࢼߦ͕Ͳͷ͙Β্͍ख͘Ͱ͖͔ͨʢͲͷ͙Β͍ԻָͷϦζϜΛೝ஌Ͱ͖͍ͯ
͔ͨʣΛɼF஋ʢF-Measureʣͱ͍͏ࢦඪΛ࢖ͬͯද͢ɽF஋͸զʑͷҎલͷݚڀ [24]Ͱ΋༻͍ͨࢦඪͰ
͋ΓɼF஋͕ 1ʹ͚ۙΕ͹ϦζϜΛೝ஌Ͱ͖͍ͯΔ͜ͱΛࣔ͢ɽ
F஋͸ҎԼͷࣜͰఆٛ͢Δɽ
ద߹཰ P: શλοϓதͷਖ਼֬ʹୟ͚ͨλοϓͷׂ߹
࠶ݱ཰ R: શഥதͷਖ਼֬ʹୟ͔Εͨഥͷׂ߹
F -Measure =
2 · P ·R
P +R
͜͜Ͱɼʮਖ਼֬ʹୟ͚ͨʯͱ͸ɼഥͱഥͷִؒΛ IBI(Inter-Beat Interval)ͱͨ͠ͱ͖ɼഥͷલޙ IBI/4
ͷ۠ؒʹλοϓ͕͋Δ৔߹Λࢦ͢ɽ·ͨɼP = R = 0Ͱ͋Δ৔߹͸ F -Measure = 0ͱ͢Δɽ
ςετύʔτͷճ͝ͱͷɼશܹࢗʹର͢Δ F஋ͷฏۉͷมભΛਤ 2.6ʹࣔ͢ɽਤͷԣ͕࣠ςετύʔτ
ʢBATʣͷճ਺Ͱ͋Γɼॎ͕࣠ F஋Λද͢ɽඃݧऀΛ৭Ͱ෼͚͍ͯΔɽ
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ਤ 2.6: Ϗʔτλοϐϯάʹ͓͚Δ F஋ฏۉͷมભ
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2.2.4 Ϗʔτύʔηϓγϣϯ
ϏʔτύʔηϓγϣϯͰ͸ɼਖ਼౴཰Λࢦඪͱͨ͠ɽͨͩ͠ɼ2 ୒Ͱ͋ΔͷͰνϟϯεϨϕϧ͸ 0.5 Ͱ͋
Δɽ͢ͳΘͪɼղ౴͕෼͔ΒͣϥϯμϜʹ౴͑ͨ৔߹ɼਖ਼౴཰͸ 0.5෇ۙͱͳΔɽ
ςετύʔτͷճ͝ͱͷɼશܹࢗʹର͢Δฏۉਖ਼౴཰ͷมભΛਤ 2.7 ʹࣔ͢ɽਤͷԣ͕࣠ςετύʔτ
ʢBATʣͷճ਺Ͱ͋Γɼॎ͕࣠ਖ਼౴཰Λද͢ɽඃݧऀΛ৭Ͱ෼͚͍ͯΔɽ
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ਤ 2.7: Ϗʔτύʔηϓγϣϯʹ͓͚Δฏۉਖ਼౴཰ͷมભ
ܹࢗͷύλʔϯʢOn Beat, Tempo Error, Phase Error, Syncopationʣ͝ͱͷਖ਼౴཰ʢશඃݧऀฏۉʣ
Λਤ 2.8ʹࣔ͢ɽ֤๮ͷ৭ͷೱ͞͸ςετύʔτͷճ਺Λ͍ࣔͯ͠Δɽ
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ਤ 2.8: Ϗʔτύʔηϓγϣϯʹ͓͚Δܹࢗύλʔϯ͝ͱͷશඃݧऀฏۉਖ਼౴཰
2.2.5 λοϐϯάήʔϜͷϓϨΠ࣌ؒ
5 ճ͋ΔτϨʔχϯάύʔτͦΕͧΕʹ͍ͭͯɼ֤ඃݧऀͷλοϐϯάήʔϜͷϓϨΠ࣌ؒͷ֓ࢉΛද
2.2ʹࣔ͢ɽ֤ߦ͸֤ඃݧऀΛද͠ɼ֤ྻ͸τϨʔχϯά۠ؒͷճ਺Λද͢ɽϓϨΠ࣌ؒ͸λοϐϯάήʔ
Ϝͷϩά͔Βࢉग़ͨ͠ɽϝχϡʔը໘΍୯ʹىಈ͍ͯ͠Δ͚ͩͷ࣌ؒ͸ؚ·ͣɼ७ਮʹԻָΛௌ͖ͳ͕Β
λοϐϯάΛߦ͍ͬͯͨ࣌ؒͰ͋Δɽ·ͨɼ͜ΕΒ֓ࢉ͸ 1ͭͷτϨʔχϯά۠ؒʢ1ϲ݄લޙʣͰͷ߹ܭ
Ͱ͋Δ͕ɼ࣮ࡍʹ͸ 1ϲ݄ͷ͏ͪͷ਺೔ʹूதͯ͠ϓϨΠ͢Δ܏޲͕ݟΒΕͨɽ
ද 2.2: τϨʔχϯά۠ؒ͝ͱͷλοϐϯάήʔϜͷϓϨΠ࣌ؒͷ֓ࢉ
1ճ໨ 2ճ໨ 3ճ໨ 4ճ໨ 5ճ໨
S1 1෼ 0෼ 23෼ 5෼ 50෼
S2 18෼ 3෼ 16෼ 11෼ 42෼
S3 0෼ 43෼ 33෼ 13෼ 31෼
S4 5෼ 15෼ 21෼ 19෼ 18෼
2.2.6 Ξϯέʔτ݁Ռ
Ξϯέʔτʹର͢Δճ౴Λཁ໿ͯ͠هࡌ͢Δɽ
Ξϯέʔτ߲໨ (1)ʮλοϐϯάήʔϜ͸ԻָௌऔͷͨΊͷτϨʔχϯάʹ༗ޮͩͱࢥ͍·͔ͨ͠ʁʯʹ
͍ͭͯ͸ɼ4໊த 3໊͕ʮࢥ͏ʯͱ౴͑ɼ1໊͕ʮΘ͔Βͳ͍ʯͱ౴͑ͨɽ
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Ξϯέʔτ߲໨ (2)ʮλοϐϯάήʔϜΛϓϨΠ͢Δ͜ͱͰɼࣗ෼ͷԻָௌऔೳྗ΍ϦζϜײ͕޲্ͨ͠
ͱࢥ͍·͔͢ʁʯ͸ 4໊શһ͕ʮΘ͔Βͳ͍ʯͱ౴͑ͨɽ
Ξϯέʔτ߲໨ (3)ʮλοϐϯάήʔϜΛϓϨΠ͢Δ͜ͱͰɼීஈԻָΛௌ͘ͱ͖ͷௌ͖ํ͕มΘΓ·͠
͔ͨʁ·ͨɼมΘͬͨͷͰ͋Ε͹ͲͷΑ͏ʹมΘΓ·͔ͨ͠ʁʯʹ͍ͭͯ͸ɼ4໊த 2໊͕ʮมΘͬͨʯͱ
౴͑ͨɽͦͷ಺༁͸ʮΧϥΦέͰϦζϜΛҙࣝ͢ΔͱՎ͍΍͘͢ͳͬͨͱࢥ͏ͱ͖͕͋ͬͨʯͱ͍͏΋ͷ
ͱɼʮָثԻ͕ͳʹ͔Λूதͯ͠ௌ͘Α͏ʹͳͬͨʯͱ͍͏΋ͷͰ͋ͬͨɽ
Ξϯέʔτ߲໨ (4)ͱ (5)Ͱ͸ɼ༷ʑͳҙݟ͕ग़ͨͷͰɼͦͷҰ෦Λهࡌ͢ΔɽλοϐϯάήʔϜʹର͠
ͯ͸ΠϯλʔϑΣʔε΍σβΠϯʹؔ͢Δҙݟ͕ෳ਺͋ͬͨ΄͔ɼʮৼಈ΍ޫΛ࢖͑͹໘നͦ͏ʯͱ͍͏ఏ
ҊɼʮܧଓͰ͖Δັྗ͕଍Γ͍ͯͳ͍ʯͱ͍͏ҙݟ͕͋ͬͨɽςετύʔτʹର͢Δҙݟͱͯ͠ɼʮϝτϩ
ϊʔϜͷԻʢ1000Hzͷਖ਼ݭ೾ʣ͕Իָͱࠞ͟Δͱௌ͖औΓͮΒ͍ʯͱ͍͏ҙݟͳͲ͕͋ͬͨɽ
2.3 ߟ࡯
2.3.1 ϦζϜೝ஌ೳྗͷมԽ
ԻָͷϦζϜೝ஌ೳྗ͸ɼBATͷϏʔτλοϐϯά͓ΑͼϏʔτύʔηϓγϣϯͷ݁Ռ͔Β൑அ͢Δɽ
ਤ 2.6ɼਤ 2.7ΛݟΔͱɼF஋ɼਖ਼౴཰͍ͣΕ΋ճʹΑΔมಈ͸͋Δ΋ͷͷɼϥϯμϜʹى͜Γ͏Δޡࠩͷ
ൣғͰ͋ΓɼֶशۂઢͷΑ͏ͳ܏޲͸ݟΒΕͣɼϦζϜೝ஌ೳྗʹมԽ͸ͳ͔ͬͨͱߟ͑ΒΕΔɽ
ϦζϜೝ஌ೳྗʹมԽ͕ͳ͔ͬͨୈҰͷཧ༝ͱͯ͠ߟ͑ΒΕΔͷ͸ɼϓϨΠ࣌ؒͷෆ଍Ͱ͋Δʢද 2.2ʣɽ
౰વɼֶश͕࣌ؒগͳ͚Ε͹ֶश͸ੜ͡ͳ͍ɽ
·ͨɼඃݧऀ S2 ʹ͍ͭͯ͸ॳΊ͔Βߴ͍੒੷Λग़͍ͯ͠ΔͨΊɼఱҪޮՌʹΑΓֶशͷ֬ೝ͕Ͱ͖ͳ
͔ͬͨɽඃݧऀ S2ʹͱͬͯ͸ςετύʔτ͕؆୯͕͗ͨ͢ɼଞͷ 3໊ʹ͓͍ͯ͸ద੾͋Δ͍͸೉͔ͬͨ͠
ͱ͍͏͜ͱͰ͋Δɽௌ֮ো֐ऀͱ͍ͬͯ΋ɼݸਓݸਓͷௌऔೳྗͷҧ͍͸େ͖͘ɼͦΕΛߟྀͨ͠ςετʹ
͢΂͖Ͱ͋Δɽ
Ξϯέʔτ߲໨ (1)(2)ͷ݁Ռ͔ΒɼඃݧऀΒ͸ɼλοϐϯάήʔϜ͸ޮՌ͕͋Γͦ͏ͩͱײͨ͡΋ͷͷɼ
࣮ࡍʹࣗ෼ʹޮՌ͕͋ͬͨͱ͸ײ͍ͯ͡ͳ͍΋ͷͱਪ࡯͞ΕΔɽͨͩ͠ɼΞϯέʔτ߲໨ (3)Ͱ͸ 2໊͕ී
ஈͷԻָௌऔ΁ͷӨڹΛ౴͓͑ͯΓɼϦζϜೝ஌ೳྗͷ໨ʹݟ͑ͨ޲্·Ͱ͸͍͔ͣͱ΋ɼλοϐϯάήʔ
ϜʹΑΔҙࣝͷมԽ͕͋ͬͨ͜ͱ͕ࣔࠦ͞ΕΔɽ
૯ͯ͡ɼ࣮ݧΛ௨ͯ͠ϦζϜೝ஌ೳྗͷมԽ͸؍ଌ͞Εͳ͔ͬͨ΋ͷͷɼओཁͳཧ༝͸ϓϨΠ࣌ؒͷෆ଍
ͳͲɼ࣮ݧσβΠϯͷෆඋʹΑΔ΋ͷͰ͋ΓɼΞϯέʔτ݁ՌͳͲ΋Ճຯ͢Ε͹ɼλοϐϯάήʔϜͷ௕ظ
తͳτϨʔχϯάޮՌ͕׬શʹ൱ఆ͞Εͨ΋ͷͰ͸ͳ͍ͱߟ͑Δɽ
2.3.2 ࣮ݧσβΠϯͷվળ
ϦζϜೝ஌ೳྗͷ޲্͕ݟΒΕͳ͔ͬͨୈҰͷݪҼ͸ɼϓϨΠ࣌ؒͷෆ଍Ͱ͋Δͱߟ͑Δɽ
ద੾ͳֶश࣌ؒΛ֬อ͢ΔͨΊʹ͸ɼ࣮ݧͷํ๏΍ڭࣔΛݟ௚͢͜ͱ͕ඞཁͰ͋Δɽྫ͑͹ɼτϨʔχ
ϯάύʔτ΋ɼςετύʔτͱಉ༷ɼ࣮ݧ࣮ࢪऀཱ͕ͪձܾͬͯΊΒΕ͓ͨ࣌ؒ͜ͳ͏ํ๏ͳͲ͕ߟ͑Β
ΕΔɽ
ͨͩ͠ɼຊདྷ๬·͍͠ͷ͸ɼඃݧऀͷࣗ༝ҙࢤͰϓϨΠ͍ͨ͠ͱࢥ͑ΔΑ͏ͳήʔϜΛ։ൃ͢Δ͜ͱͰ͋
ΔɽΞϯέʔτͰ΋ 1໊͔ΒʮܧଓͰ͖Δັྗ͕଍Γ͍ͯͳ͍ʯͱࢦఠ͞Ε͍ͯΔɽͦ΋ͦ΋ήʔϛϑΟ
έʔγϣϯ͕༗ޮͰ͋Δཧ༝ͷҰͭ͸ɼָ͍͔͠ΒܧଓͰ͖Δͱ͍͏఺Ͱ͋Γɼຊ࣮ݧͰϓϨΠ͕࣌ؒগͳ
͔ͬͨͷ͸ήʔϜͷ໘ന͕͞଍Γͳ͔ͬͨͨΊͱߟ͑Δͷ͕ࣗવͰ͋Δɽ
τϨʔχϯάύʔτ͕ 1ճ 1ϲ݄ɼ͔ͭͦΕΛ 5ճͱ͍͏ظؒઃఆʹ΋ݟ௚͠ͷ༨஍͕͋Δɽຊ࣮ݧͰ
͸ɼඃݧऀͷҙݟΛऔΓೖΕͳ͕ΒλοϐϯάήʔϜΛΞοϓσʔτ͍ͯ͘͠ɼͱ͍͏͜ͱΛࢼΈͨͨΊɼ
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τϨʔχϯάύʔτ͕௕͘ͳͬͯ͠·͕ͬͨɼޮՌͷݕূΛओ໨తͱ͢ΔͷͰ͋Ε͹΋͏গ͠୹͍ํ͕Α
͍ͩΖ͏ɽྫ͑͹ɼλεΫ͕ҟͳΔͨΊࢀߟఔ౓Ͱ͸͋Δ͕ɼௌ֮ো֐ऀͷָثԻࣝผͷτϨʔχϯάΛ
ߦͬͨઌߦݚڀ [8]Ͱ͸τϨʔχϯάظؒΛܭ 5िؒͱઃఆ͓ͯ͠Γɼ࣮ࡍʹ͸ 3िؒఔ౓Ͱे෼ͳֶश͕
ݟΒΕͨͱ͍ͯ͠Δɽ
ΞϯέʔτͰ͸ςετύʔτͰͷϝτϩϊʔϜͷԻ৭΁ͷҙݟ͕͋ͬͨɽϝτϩϊʔϜͷԻ৭͸ 1000Hz
ͷਖ਼ݭ೾Ͱ͋Γɼ୯ಠͰ͋Ε͹ฉ͑͜Δͱͷ͜ͱ͕ͩͬͨɼԻָͱಉ࣌ʹྲྀΕΔͱԻָʹຒ΋Εͯ෼͔Γͮ
Β͘ͳΔͱͷ͜ͱͰ͋Δɽௌ֮ো֐͸ݸਓݸਓʹΑͬͯɼྫ͑͹ʮߴԻ͕ௌ͖औΓͮΒ͍ʯͳͲप೾਺ଳʹ
Αͬͯฉ͖औΓ΍͕͢͞ҟͳΔͨΊɼͦͷ఺Λे෼ʹߟྀܹͨࢗ͠ͷબఆ͕ٻΊΒΕΔɽ
2.3.3 ౳ִؒλοϐϯάʹ͓͚Δ Preferred ITI
ઌߦݚڀʹΑΕ͹ɼ݈ௌऀͷ Preferred tempoʢ౳ִؒλοϐϯάʹΑͬͯଌΒΕΔɼ࠷΋ࣗવʹײ͡Δ
ςϯϙʣ͸ 120BPMલޙʹूத͢Δ [27]ɽ120BPM͸ ITIʹ׵ࢉ͢Δͱ 500msecͰ͋Γɼຊ࣮ݧͰͷ݁
Ռʢਤ 2.5ʣͱಉ༷ͷ܏޲Ͱ͋Δɽ·ͨɼਤ 2.1ɼਤ 2.2ɼਤ 2.3ɼਤ 2.4 ͔Βɼ͍ͣΕͷඃݧऀ΋ɼ΄ͱΜ
Ͳͷࢼߦʹ͓͍ͯɼ1ͭͷࢼߦதʹେ͖͘ ITI͕มಈ͢Δ͜ͱ͸ແ͔ͬͨɽ͜ͷ͜ͱ͔Βɼ͍ͣΕͷඃݧऀ
΋ҰఆͷςϯϙΛΩʔϓ͢Δೳྗ͕͋Δ͜ͱ͕ࣔࠦ͞ΕΔɽ
͜ΕΒ݁Ռ͔Βɼ౳ִؒλοϐϯάʹ͓͍ͯ͸݈ௌऀɾௌ֮ো֐ऀͰಉ༷ͷ܏޲͕͋Δͱߟ͑ΒΕΔɽઌ
ߦݚڀ [27]Ͱɼ120BPM͸ਓؒͷาߦͷςϯϙʹ͍ۙ͜ͱ͕ࢦఠ͞Ε͍ͯͨΑ͏ʹɼ౳ִؒλοϐϯάͷ
Α͏ͳςϯϙੜ੒ɾςϯϙҡ࣋ʹඞཁͳػߏ͸ɼௌྗͱ͸ແؔ܎ʹൃୡ͢Δ΋ͷͰ͋Δͱਪ࡯͞ΕΔɽ
ࠓճͷ࣮ݧͰ͸ඃݧऀ͕ 4໊ͱগͳ͔ͬͨͨΊɼΑΓඃݧऀΛ૿΍ͯ͠ݕ౼͢Δ͜ͱ͕๬·ΕΔɽ
2.3.4 Ϗʔτύʔηϓγϣϯʹ͓͚Δܹࢗύλʔϯ
ϏʔτύʔηϓγϣϯͰ͸ɼܹࢗͷύλʔϯ͝ͱͷਖ਼౴཰Λௐ΂ͨʢਤ 2.8ʣɽςετύʔτͷճ਺ʹΑ
ΔมԽ͸΄ͱΜͲ֬ೝͰ͖ͳ͍΋ͷͷɼશମతͳ܏޲ͱͯ͠ύλʔϯ͝ͱͷҧ͍͕ݟΒΕͨɽԻָͷഥʹ
߹͍ͬͯΔܹࢗʢOn BeatʣΛʮ߹͍ͬͯΔʯͱਖ਼౴Ͱׂ͖ͨ߹͸ൺֱతߴ͍܏޲͕͋ͬͨɽҰํͰɼԻָ
ͷഥʹ߹͍ͬͯͳ͍ܹࢗʹؔͯ͠͸ɼTempo Error, Phase Error, Syncopation͍ͣΕͷύλʔϯʹ΋ਖ਼
౴཰ʹ͕ࠩݟΒΕͳ͔ͬͨɽ
IversenΒʹΑΔϏʔτύʔηϓγϣϯͷ࣮ݧ [17]Ͱ͸ɼ݈ௌऀ 30໊Λର৅ͱͯ͠ɼOn Beat, Tempo
Error, Phase Errorͷਖ਼౴཰Λൺֱ͍ͯ͠Δɽ݈ௌऀʹ͓͍ͯ͸ɼOn Beatͷਖ਼౴཰͕ߴ͍͜ͱ͸զʑͷ
࣮ݧಉ༷Ͱ͕͋ͬͨɼTempo Errorʹൺֱͯ͠ Phase Errorͷਖ਼౴཰͕༏Ґʹ௿͍఺͕զʑͷ࣮ݧ݁Ռͱ
ҟͳͬͨɽ
·ͨɼSyncopationͷܹࢗ͸ɼTempo Error, Phase Errorʹൺֱͯࣗ͠વʹײ͡ΔϦζϜͰ͋ΔͨΊɼ
ਖ਼౴཰͕௿͘ͳΔͱ༧૝͍͕ͯͨ͠ɼ࣮ࡍʹ͸͕ࠩݟΒΕͳ͔ͬͨɽ
Ҏ্ͷ݁Ռ͸ɼࠓճͷ࣮ݧ͸ඃݧऀ͕ 4໊ͱগͳ͍ͨΊɼ͋͘·Ͱ͜͏͍͏܏޲͕͋Δ͔΋͠Εͳ͍ͱ
͍͏ఔ౓ͷ΋ͷͰ͋Δɽ͔͠͠ɼඃݧऀΛ૿΍݈ͯ͠ௌऀͱͷൺֱΛ͓͜ͳ͑͹ɼΑΓ໌֬ʹ܏޲͕ݟ͑ɼ
৽ͨͳ஌ݟ͕ಘΒΕΔͷͰ͸ͳ͍͔ͱߟ͑Δɽ
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3 ೉қ౓࣮ݧ
3.1 ํ๏
3.1.1 ໨త
೉қ౓࣮ݧͰ͸ɼௌ֮ো֐ऀʹͱͬͯɼԻָͷͲ͏͍ͬͨཁૉ͕ɼϦζϜೝ஌ͷ೉қ౓ʹӨڹΛ༩͑Δ͔
Λௐ΂Δɽ
ௌ֮ো֐ऀʹͱͬͯɼԻָͷϦζϜΛೝ஌͢Δ͜ͱ͸ࠔ೉Ͱ͋Δ৔߹͕ଟ͍ɽ͔͠͠ɼͦͷࠔ೉͞ͷ౓߹
͍͸ɼԻָʹΑͬͯେ͖͘ҟͳ͍ͬͯΔɽ͢ͳΘͪɼָۂʹΑͬͯʮϦζϜ͕෼͔Γ΍͍͢ۂʯʮϦζϜ͕
෼͔ΓͮΒ͍ۂʯ͕ଘࡏ͢Δͱ͍͏͜ͱͰ͋Δɽ
ઌड़ͷ௕ظ࣮ݧʹઌ࣮ͩͬͯࢪ͞Εͨ୹ظతͳֶशޮՌͷݕূ࣮ݧʢୈ 1.4અࢀরʣͰ͸ɼʮυϥϜͷԻ
ͷϦζϜύλʔϯͷෳࡶ͞ʯͱʮυϥϜͷԻͷ૬ରతͳେ͖͞ʯΛϦζϜೝ஌ͷ೉қ౓ج४ͱͨ͠ɽ͜Ε
͸ɼ༧උ࣮ݧͰͷௌ֮ো֐ऀΒͷূݴʹج͍ͮͨج४Ͱ͋Γɼ݁ՌΛݟͯ΋ଥ౰Ͱ͋ͬͨɽ͔͠͠ɼͦͷ࣮
ݧͰ͸ɼ೉қ౓Λೋஈ֊ɼ͢ͳΘͪʮϦζϜ͕ෳࡶ͔ͭυϥϜԻ͕େ͖͍ʯͱʮϦζϜ͕୯७͔ͭυϥϜԻ
͕খ͍͞ʯͷ 2άϧʔϓͱͨ͠΋ͷͰ͋ΓɼϦζϜύλʔϯͷෳࡶ͞ͱɼԻͷ૬ରతͳେ͖͞ɼͲͪΒͷཁ
Ҽ͕ʢ͋Δ͍͸྆ํ͕ʣӨڹΛ༩͑ͨͷ͔͸൑໌͠ͳ͔ͬͨɽ͞ΒʹɼઌߦݚڀͰ͸ɼϦζϜͷཧղʹ͸Ξ
Ϋηϯτͷ஌͕֮େ͖ؔ͘Θ͍ͬͯΔ͜ͱ͕ࢦఠ͞Ε͍ͯΔ [31]ɽ
Ҏ্ͷΑ͏ͳഎܠ͔ΒɼຊݚڀͰ͸࣍ͷԾઆΛཱͯΔɽ
ԻָΛௌ͖ͳ͕ΒϦζϜೝ஌Λ͢Δͱ͖ɼͦͷָۂͷഥઅߏ଄Λ໌֬ʹࢦࣔ͢͠ԻʢυϥϜ౳ʣʹ஫໨͢
Δ΋ͷͱͨ͠৔߹ɼָۂͷϦζϜೝ஌ͷ೉қ౓͸ɼҎԼͷ 3ͭʹू໿͢Δɽ
• ஫໨͢ΔԻͷϦζϜύλʔϯͷෳࡶ͞
ྫ͑͹ɼ4෼ԻූͷΈͰߏ੒͞ΕΔϦζϜύλʔϯͱɼ3࿈ූ΍ 16෼Իූ͕ೖΓަ͡ΔෳࡶͳϦζ
ϜύλʔϯͰ͋Ε͹ɼޙऀͷํ͕ϦζϜೝ஌͕ࠔ೉Ͱ͋Δɽ
• ஫໨͢ΔԻͷΞΫηϯτ
ྫ͑͹ɼυϥϜͰ͋Ε͹খઅͷ಄ʢ1ഥ໨ʣʹγϯόϧͷԻ͕͋ͬͨΓɼදഥʹόευϥϜͷԻ͕͋
Δɼͱ͍͏͜ͱ͕ଟ͍ɽ·ͨɼԋ૗ऀ͕ԋ૗ද৘Λ͚ͭͨ݁Ռɼഥͷ෦෼ͷԻ͕େ͖͘ͳΔ͜ͱ΋͋
Δɽ͜ͷΑ͏ͳԻ৭΍Իྔͷҧ͍ʢΞΫηϯτʣ͸ϦζϜೝ஌ʹߩݙ͢Δͱߟ͑ΒΕΔɽ
• ஫໨͢ΔԻΛϚεΫ͢ΔԻʢॏ৞Իʣͷ૬ରతͳڧ͞
ྫ͑͹ɼ஫໨͢ΔԻ͕υϥϜͩͬͨ৔߹ʹɼΪλʔ΍ϕʔεͱ͍ͬͨυϥϜҎ֎ͷԻ͕໐͍ͬͯΔ
ͱɼυϥϜͷԻ͕૬ରతʹ͔͖ফ͞ΕͯυϥϜͷԻʹ஫໨͢Δ͜ͱ͕೉͘͠ͳΓɼϦζϜೝ஌ͷࠔ೉
͞ʹͭͳ͕Δɽ
ैͬͯɼҎ্ͷ 3ཁૉΛύϥϝʔλͱ͢ΔܹࢗΛ࡞੒࣮͠ݧʹ༻͍Δɽܹࢗ͸ਓ޻తʹ࡞ͬͨແػ࣭ͳ
΋ͷͰ͋Δ͕ɼ্ड़ͷߟ͑ํΑΓɼԻָΛந৅Խͨ͠ԻͰ͋Δͱଊ͑Δ͜ͱ͕Ͱ͖Δɽ
3.1.2 खଓ͖
࣮ݧͰ͸ɼඃݧऀ͕ܹࢗΛௌ͖ͳ͕Βɼܹࢗͷഥʹ߹Θͤͯܧଓతʹλοϓ͢Δɼͱ͍͏ࢼߦʢλοϐϯ
άʣΛ͓͜ͳ͏ɽ࣮ݧͰ࢖༻ͨ͠ϓϩάϥϜ͸ɼୈ 2અͷ௕ظ࣮ݧͰ࢖༻ͨ͠ Beat Alignment Testͷα
ϒςετͰ͋ΔϏʔτλοϐϯάʹج͍ͮͨ΋ͷͰ͋Δɽ
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ඃݧऀ͸Ҝࢠʹ࠲ΓɼεϐʔΧʔ͔Βग़ྗ͞ΕΔԻΛௌ͖ͳ͕Βɼص্ʹ͋ΔλϒϨοτܕ PC*4ͷλο
νύωϧΛ༻͍ͯλοϐϯάΛ͓͜ͳͬͨɽ
֤ܹࢗ΁ͷλοϐϯάͷ௚ޙʹ͸ɼࠓͷܹ͕ࢗͲͷ͙Β͍೉͔͔ͬͨ͠Λ 5ஈ֊ධՁʢ1:ͱͯ΋؆୯ɹ-
5:ͱͯ΋೉͍͠ʣͰΩʔϘʔυ͔Βೖྗͯ͠΋Βͬͨɽ͜ͷධՁͷ͜ͱΛɼຊઅͰ͸ʮओ؍೉қ౓ʯͱݺͿɽ
࣮ݧ͸ஜ೾ٕज़େֶఱٱอΩϟϯύεͷ 615ڭࣨͰ࣮ࢪͨ͠ɽ࣮ݧ࣮ࢪ࣌ͷڭࣨͷ҉૽Ի͸ 31.7dBA -
34.0dBAఔ౓Ͱ͋ͬͨɽඃݧऀͦΕͧΕʹ࣮ݧલʹεϐʔΧʔͷԻྔௐઅΛͯ͠΋Βͬͨ݁Ռɼ࣮ݧͰ࢖
༻ͨ͠Իʢڧ͍ϗϫΠτϊΠζॏ৞Իʀޙड़ʣΛྲྀ͍ͯ͠Δͱ͖ͷ౳Ձ૽ԻϨϕϧ͸ɼඃݧऀͷࣖݩ෇ۙͰ
48.1dBA - 64.9dBAఔ౓Ͱ͋ͬͨɽ
࣮ݧऴྃޙɼඃݧऀʹ͸ฏۉௌྗϨϕϧ΍ԻָܦݧͳͲΛਘͶΔΞϯέʔτʹ౴͑ͯ΋Βͬͨɽ
3.1.3 ඃݧऀ
࣮ݧʹ͸ஜ೾ٕज़େֶͷௌ֮ো֐ֶੜ 9໊ʢ21-25ࡀɼஉੑ 6໊ɼঁੑ 3໊ʣ͕ࢀՃͨ͠ɽඃݧऀͦΕͧ
Εʹؔ͢Δ৘ใΛ·ͱΊͨ΋ͷΛද 3.1ʹهࡌ͢ΔɽදͷͦΕͧΕͷ߲໨͸ɼ࣮ݧޙͷΞϯέʔτʹΑΓௌ
औͨ͠΋ͷͰ͋ΔɽಛʹฏۉௌྗϨϕϧ͸ඃݧऀͷهԱʹΑΔࣗݾਃࠂͰ͋ΔͨΊɼඞͣ͠΋ਖ਼֬ͳ஋Ͱ
͸ͳ͍Մೳੑ͕͋Δ͜ͱΛ෇ه͓ͯ͘͠ɽ·ͨɼʮԻָΛௌ͘ස౓ʯ͸ʮ1:·ͬͨ͘ௌ͔ͳ͍ - 5:ͱͯ΋Α
͘ௌ͘ʯͷ 5ஈ֊Ͱ͋Δɽ
ද 3.1: ඃݧऀͷ৘ใ
൪߸ ো֐ൃ঱
೥ྸ
ฏۉௌྗ
Ϩϕϧ
ฏۉௌྗϨϕ
ϧͷܭଌ࣌ظ
ิௌث
ͷ࢖༻
ਓ ޻
಺ࣖ
ԻָΛௌ
͘ස౓
Իָܦݧ
S1 0ࡀ 70dB 2015೥ ࢖༻ଟ ແ͠ 5 ϐΞϊʢΤϨΫ
τʔϯʣ12೥
S2 0ࡀ 83dB 2012೥ ࢖༻ଟ ແ͠ 5 ࿨ଠޑ 3೥
S3 0ࡀ 110dB ࢖༻ଟ ແ͠ 4 ଠޑ 8೥ɼϐΞϊ
10೥
S4 0ࡀ 120dB 1-2ࡀͷࠒ ࢖༻͠
ͳ͍
༗Γ 2 ϐΞϊʢ4ࡀʙখ
ֶੜʣ
S5 8ࡀ 95dB 2016೥ ࢖༻ଟ ແ͠ 5 ϐΞϊʢ7ࡀʙ12
ࡀʣ
S6 2ࡀ 90dB 2016೥ ࢖༻ଟ ແ͠ 5 ແ͠
S7 0ࡀ 85dB 2016೥ ࢖༻ଟ ແ͠ 4 ԻָήʔϜ
S8 13ࡀ 90dB 2015೥ ࢖༻ଟ ແ͠ 4 ϐΞϊʢ6ࡀʙ12
ࡀʣ
S9 0ࡀ 65dB 2014೥ ࢖༻ଟ ແ͠ 5 ϐΞϊʢ6ࡀʙ18
ࡀʣ
3.1.4 ܹࢗ
ܹࢗ͸ɼҰఆͷϦζϜύλʔϯ͕܁Γฦͯ͠໐Γଓ͚ΔԻͰ͋Δɽ
*4 Surface Pro 3; Windows 10
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࣮ݧͰ࢖༻ͨ͠ϦζϜύλʔϯ 9छྨΛද 3.2ʹࣔ͢ɽ
ද 3.2: ࣮ݧͰ࢖༻ͨ͠ϦζϜύλʔϯ
ϦζϜύλʔϯ ෳࡶ͞ Category
1000100010101000 ؆୯ (easy) 1
1000101110011000 ؆୯ (easy) 1
1110100011101000 ؆୯ (easy) 1
1011011110101000 ී௨ (medium) 5
1110100101011000 ී௨ (medium) 5
1010100100101000 ී௨ (medium) 5
1001101000110100 ೉͍͠ (diﬃcult) 9
1101001110101100 ೉͍͠ (diﬃcult) 7
1111001001001000 ೉͍͠ (diﬃcult) 9
ϦζϜύλʔϯ͸ɼ4/4খઅͰ 16෼ԻූΛ࠷খ୯Ґͱͨ͠Իྻ 1খઅ෼ͱͨ͠ɽ্هͷਤͰ͸ɼϦζϜ
ύλʔϯΛɼ1 ͱ 0 Λฒ΂ͨόΠφϦྻͰදݱ͍ͯ͠Δɽ͜ͷԻྻ͸ɼ֤όΠφϦ͕࣌ؒͷ࠷খ୯ҐΛද
͠ɼ1 ͷλΠϛϯάͰ͸Ի͕໐Γɼ0 ͷλΠϛϯάͰ͸Ի͕໐Βͳ͍͜ͱΛҙຯ͢Δɽྫ͑͹ɼϦζϜύ
λʔϯʮ1000100010101000ʯ͸ɼָේʹΑΔදهͰ͸ਤ 3.1ʹ૬౰͢ΔɽόΠφϦ 16ݸ͔ΒͳΔྻͷ͏
ͪɼ1, 5, 9, 11ݸ໨ͷόΠφϦͷλΠϛϯά͕ɼλοϓ͢Δ΂͖ഥͰ͋Δɽ
ਤ 3.1: ϦζϜύλʔϯྫɿ1000100010101000
ϦζϜύλʔϯ͸ɼෳࡶ͞Λ 3ஈ֊ʹ෼͚ɼͦΕͧΕ 3ͭͷϦζϜύλʔϯΛ༻ҙͨ͠ɽϦζϜύλʔ
ϯͷෳࡶ͞ͷج४ʹ͸ Povel & Essens ʹΑΔࢦඪ [31] Λ࢖༻ͨ͠ɽද 3.2 ͷ Category ྻʹɼPovel &
EssensʹΑΔΧςΰϦ෼͚Λදه͍ͯ͠Δɽجຊతʹɼ਺஋͕ߴ͍΄ͲෳࡶͰ͋Δͱ͍ͯ͠Δɽ·ͨɼಉ
༷ͷࢦඪΛ༻͍ͯɼഥͷ͍͋·͍͞ʢഥͱγϯίϖʔγϣϯͷࠞಉͳͲʣ͕ੜ͡ͳ͍Α͏ʹ͍ͯ͠Δ*5ɽ
ͦΕͧΕͷϦζϜύλʔϯʹ͍ͭͯɼ6খઅ܁Γฦͨ͠ԻݯΛܹࢗͱͨ͠ɽςϯϙ͸ 110BPM - 130BPM
ͷ͍ͣΕ͔Ͱ͋Γɼܹࢗͷ࠶ੜલʹϥϯμϜʹܾఆ͞ΕΔɽϦζϜύλʔϯͷԻʹ͸޿͍ଳҬͷԻΛؚΉ
ָثԻͱͯ͠ɼRWCָثԻσʔλϕʔε [15]͔ΒεωΞυϥϜͷԻ (431SD3N3)Λ࢖༻ͨ͠ɽ
·ͨɼ֤ϦζϜύλʔϯʹରͯ͠ɼҎԼͷ 6ͭͷ৚݅Λ౰ͯ͸ΊܹͨࢗΛ࢖༻ͨ͠ɽͦΕͧΕͷ৚݅ͷ
ׅހ಺ͷ໊শ͸ɼҎ߱ͷઅͰͷਤදதͰ༻͍Δɽ
*5 ྫ͑͹ 1010101010101010ͱ͍͏ϦζϜύλʔϯ͸ɼഥͱγϯίϖʔγϣϯ͕ಉ༷ͷॏΈͰ͋Γɼ։࢝఺͕෼͔Βͳ͚Ε͹ഥ
ͱγϯίϖʔγϣϯͷ۠ผ͕͔ͭͳ͍ɽ෼ੳͷ୯७ԽͷͨΊʹ͸ɼ͜ͷΑ͏ͳ͍͋·͍͞Λͳ͘͢͜ͱ͕༗ޮͰ͋ΔɽͦͷͨΊ
ʹɼunit͕ 4Ͱ͋Γ location͕ 1, 2, 3, 4ͷͱ͖ͦΕͧΕʹ͍ͭͯͷ strengthΛܭࢉ͠ɼlocation͕ 1ͷͱ͖ͷ strength
͕࠷খͱͳΔϦζϜύλʔϯͷΈΛ࢖༻͢Δ͜ͱͰɼ͍͋·͍͞Λੜͤ͡͞ͳ͍Α͏ʹͨ͠ɽ༻ޠ͸ࢀߟจݙ [31]Λࢀরͷ͜
ͱɽ
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• ϦζϜύλʔϯͷΈʢnormalʣ
ϦζϜύλʔϯͷΈͷܹࢗͰ͋Δɽ
• ΞΫηϯτʢaccentedʣ
ϦζϜύλʔϯͷΈͰ͋Δ͕ɼΞΫηϯτ͕ͭ͘ɽ͢ͳΘͪɼഥͷ෦෼ʹ͋ΔԻ͸େ͖͘ɼͦͷଞͷ
Ի͸খ͘͞ͳΔɽ
• ॏ৞͋ΓɾϊΠζɾऑ͍ʢnoise weakʣ
ϦζϜύλʔϯͷଞʹɼܹࢗશମΛ௨ͯ͡ऑ͍ϗϫΠτϊΠζ͕໐Γଓ͚Δɽ
• ॏ৞͋ΓɾϋʔϞχοΫɾऑ͍ʢharmonic weakʣ
ϦζϜύλʔϯͷଞʹɼܹࢗશମΛ௨ͯ͡ऑ͍ۣܗ೾ͷ࿨Ի͕໐Γଓ͚Δɽ
• ॏ৞͋ΓɾϊΠζɾڧ͍ʢnoise strongʣ
ϦζϜύλʔϯͷଞʹɼܹࢗશମΛ௨ͯ͡ڧ͍ϗϫΠτϊΠζ͕໐Γଓ͚Δɽ
• ॏ৞͋ΓɾϋʔϞχοΫɾڧ͍ʢharmonic strongʣ
ϦζϜύλʔϯͷଞʹɼܹࢗશମΛ௨ͯ͡ڧ͍ۣܗ೾ͷ࿨Ի͕໐Γଓ͚Δɽ
ॏ৞Ի͸ɼϊΠζͱϋʔϞχοΫͷ 2छྨΛ༻ҙͨ͠ɽϊΠζ͸ϗϫΠτϊΠζͰ͋ΓɼϋʔϞχοΫ
͸ C2, E3, G4, C6, E7, G8ͷۣܗ೾ΛॏͶ߹Θͤͨ࿨ԻͰ͋Δɽ͍ͣΕ΋ɼϦζϜύλʔϯͷԻͰ͋Δε
ωΞυϥϜͱಉ༷ɼ޿͍प೾਺ଳҬΛؚΉԻͱͯ͠બఆͨ͠ɽ
ॏ৞Իͷେ͖͞͸ɼԻͷ৺ཧྔͰ͋Δϥ΢υωεϨϕϧΛج४ʹௐ੔ͨ͠ɽnoise weak, harmonic weak
৚݅ʹ͓͚Δॏ৞Իͷϥ΢υωεϨϕϧ͸ͦΕͧΕ 78.80phon, 78.74phon ʹɼnoise strong, har-
monic strong ৚݅ʹ͓͚Δॏ৞Իͷϥ΢υωεϨϕϧ͸ͦΕͧΕ 85.78phon, 85.76phon ʹௐ੔ͨ͠ɽ
ҰํͰɼϦζϜύλʔϯͷԻ͸ 84.05phon ͱͨ͠ɽaccented ৚݅Ͱ͸ΞΫηϯτͷ͋Δ෦෼ͷԻ͸
86.68phon, ΞΫηϯτͷ͍͍ͭͯͳ͍෦෼ͷԻ͸ 75.96phonͱͨ͠ɽ
ͳ͓ɼϥ΢υωεͷܭଌʹ͸ Loudness Toolbox*6Λ༻͍ͯɼॏ৞Իʹ͍ͭͯ͸ ANSI S3.4-2007ͷΞϧ
ΰϦζϜ [1]ΛɼϦζϜύλʔϯͷԻʹ͍ͭͯ͸ Glasberg & MooreͷΞϧΰϦζϜ [14]Λ࢖༻ͨ͠ɽ
ܹࢗʹ͍ͭͯཁ໿͢Δͱɼ9छྨͷϦζϜύλʔϯʹରͯ͠ɼ6ͭͷ৚݅ʢϦζϜύλʔϯͷΈɼΞΫη
ϯτɼ֤छॏ৞ʣΛ౰ͯ͸Ίɼܭ 54ݸͷܹࢗΛ༻͍ͨ͜ͱʹͳΔɽ
3.2 ݁Ռ
೉қ౓࣮ݧͰͷ݁Ռʹ͍ͭͯهड़͢Δɽ֤ඃݧऀͷλοϓΛ࣌ؒ࣠ʹԊͬͯϓϩοτͨ͠ਤΛ෇࿥ Aʹ
ܝࡌ͢Δɽ
ຊઅͰ͸ɼඃݧऀ 9ਓશһͷ݁ՌΛ·ͱΊͯ෼ੳͨ͠શମతͳ݁ՌΛʮF஋ʯ͓Αͼʮओ؍೉қ౓ʯͷࢦ
ඪʹΑΓࣔ͢ɽ͞ΒʹɼඃݧऀؒͰͷҧ͍ɼ͢ͳΘͪʮݸਓࠩʯΛ૬ରҐ૬ͱ͍͏ࢦඪΛ༻͍ͯࣔ͢ɽ
3.2.1 F஋
ϦζϜೝ஌͕Ͳͷ͙Β͍Ͱ͖͍͔ͯͨͷࢦඪͱͯ͠͸ɼ௕ظ࣮ݧͷϏʔτλοϐϯάͱಉ༷ʹ F ஋
ʢF-MeasureʣΛ༻͍ΔɽF஋ͷఆٛ͸௕ظ࣮ݧͷઅͷ 2.2.3߲ʹهࡌ͍ͯ͠Δɽ
ϦζϜύλʔϯͷෳࡶ͞͝ͱͷɼશඃݧऀɼશ৚݅ͷ F஋ฏۉΛਤ 3.2ʹࣔ͢ɽϦζϜύλʔϯͷෳࡶ
͞͸ͦΕͧΕͷؒͰ༗ҙͳ͕ࠩݟΒΕͨʢຊ߲Ͱޙड़ʣɽ
*6 GENESIS - Loudness online; http://genesis-acoustics.com/en/loudness online-32.html
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easy medium difficult
Rhythmic Complexity
F−
M
ea
su
re
0.0
0.2
0.4
0.6
0.8
1.
0
***
** *
*** p < 0.001, ** p < 0.01, * p < 0.05
ਤ 3.2: ϦζϜύλʔϯͷෳࡶ͞ʹΑΔ F஋ฏۉ
ϦζϜύλʔϯͷΈ (normal)৚݅ɼΞΫηϯτ͋Γ (accented)৚݅ͰͷɼશඃݧऀɼશϦζϜύλʔϯ
Ͱͷ F஋ฏۉΛਤ 3.3ʹࣔ͢ɽΞΫηϯτͷ༗ແͷؒͰ͸༗ҙ܏޲͕ݟΒΕͨʢຊ߲Ͱޙड़ʣɽ
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normal accent
Accent Condition
F−
M
ea
su
re
0.
0
0.
2
0.
4
0.
6
0.
8
1.
0
ਤ 3.3: ΞΫηϯτ༗ແʹΑΔ F஋ฏۉ
ϦζϜύλʔϯͷΈ (normal৚݅ɼ͓Αͼ֤छॏ৞৚݅͝ͱͷɼશඃݧऀɼશϦζϜύλʔϯͰͷ F஋
ฏۉΛਤ 3.4ʹࣔ͢ɽॏ৞৚݅ʹΑΔҧ͍͸ɼগͳ͘ͱ΋શඃݧऀΛର৅ͱͨ͠શମతͳ෼ੳͰ͸ݟΒΕͳ
͔ͬͨɽ
23
3 ೉қ౓࣮ݧ
normal noise_weak harmonic_weak noise_strong harmonic_strong
Background Sound Condition
F−
M
ea
su
re
0.
0
0.
2
0.
4
0.
6
0.
8
1.
0
ਤ 3.4: ֤छॏ৞৚݅͝ͱͷ F஋ฏۉ
·ͨɼϦζϜύλʔϯͷෳࡶ͞ͱ֤৚݅ͷશ૊Έ߹Θͤʹ͍ͭͯͷɼશඃݧऀͷ F஋ฏۉΛਤ 3.5ʹࣔ
͢ɽॎ͕࣠ F஋ɼԣ͕࣠৚݅Ͱ͋Γɼ৭ͷೱ͕͞ϦζϜύλʔϯͷෳࡶ͞Λࣔ͢ɽ
24
3 ೉қ౓࣮ݧ
normal accented noise_weak harmonic_weak noise_strong harmonic_strong
Condition
M
ea
n 
F−
M
ea
su
re
0.
0
0.
2
0.
4
0.
6
0.
8
1.
0
easy
midium
difficult
ਤ 3.5: ϦζϜύλʔϯͷෳࡶ͞ʷ৚݅ͷ͢΂ͯͷ૊Έ߹Θͤʹ͓͚Δશඃݧऀ F஋ฏۉ
͜͜ͰɼʮϦζϜύλʔϯͷෳࡶ͞ʯɼʮΞΫηϯτͷ༗ແʯɼʮॏ৞ͷ༗ແͱڧ͞ʯ͕ɼͦΕͧΕ F஋ʹӨ
ڹΛ༩͔͑ͨͲ͏͔Λݕఆ͢Δɽ
ຊ࣮ݧͰ͸ɼʮ৚݅ʯͷͳ͔ʹɼΞΫηϯτ༗ແͷཁҼɾॏ৞ͷཁҼɼͱ͍͏ೋͭͷҟͳΔཁҼ͕͋Δͨ
ΊɼҎԼͷΑ͏ʹཁҼΛ෼͚ͯͷݕఆΛ͓͜ͳͬͨɽ
• ϦζϜύλʔϯͷෳࡶ͞ཁҼͱɼॏ৞ཁҼͷ෼ੳ
ϦζϜύλʔϯͷΈ৚݅ɼ͓Αͼɼॏ৞͋Γͷ 4৚݅ʹ͓͚Δ F஋ʢඃݧऀɾϦζϜύλʔϯͷෳ
ࡶ͞ɾ৚݅ͷ 3ཁҼʣʹର͢Δ෼ࢄ෼ੳɼ͓ΑͼϙετϗοΫݕఆɽ
• ΞΫηϯτͷ༗ແཁҼͷ෼ੳ
ϦζϜύλʔϯͷΈ৚݅ͱɼΞΫηϯτ৚݅ͷൺֱɽ
ϦζϜύλʔϯͷෳࡶ͞ཁҼͱॏ৞ཁҼʹରͯ͠ͷ෼ࢄ෼ੳͷ݁ՌΛද 3.3 ʹࣔ͢ɽඃݧऀɼϦζϜύ
λʔϯͷෳࡶ͞ɼ͓ΑͼɼඃݧऀͱϦζϜύλʔϯͷෳࡶ͞ͷަޓ࡞༻ɼϦζϜύλʔϯͷෳࡶ͞ͱ৚݅
ʢॏ৞ʣͷަޓ࡞༻ɼͷཁҼʹ͍ͭͯ༗ҙ͕ࠩΈΒΕͨʢp < 0.05ʣɽͦͷଞͷཁҼ͓Αͼަޓ࡞༻ʹ͍ͭͯ
͸༗ҙ܏޲͕ΈΒΕͨɽ
25
3 ೉қ౓࣮ݧ
ද 3.3: ॏ৞৚݅ͷ෼ࢄ෼ੳʢF஋ʣ
Df Sum Sq Mean Sq F Value Pr(>F)
ඃݧऀ 8 7.392 0.924 42.457 < 2.00 ∗ 10−16 ***
ϦζϜෳࡶ͞ 2 1.527 0.7635 35.086 2.85 ∗ 10−14 ***
৚݅ʢॏ৞ʣ 4 0.182 0.0456 2.096 0.0816 .
ඃݧऀɿϦζϜෳࡶ͞ 16 2.169 0.1355 6.228 9.09 ∗ 10−12 ***
ඃݧऀɿ৚݅ʢॏ৞ʣ 32 0.984 0.0307 1.413 0.0759 .
ϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 8 0.401 0.0501 2.302 0.0211 *
ඃݧऀɿϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 64 1.838 0.0287 1.32 0.0683 .
Residuals 270 5.876 0.0218
·ͨɼF஋ʹରͯ͠ͷ෼ࢄ෼ੳͷ͋ͱɼ༗ҙͰ͋ͬͨཁҼͷ͏ͪɼʮϦζϜύλʔϯͷෳࡶ͞ʯʹ͍ͭͯ
ͷϙετϗοΫݕఆΛ͓͜ͳͬͨɽશඃݧऀɾશ৚݅ʹ͓͚Δ F஋Λର৅ͱͯ͠ɼϘϯϑΣϩʔχ๏ʹΑ
Δิਖ਼Λ͔͚ɼ΢ΟϧίΫιϯͷූ߸ॱҐݕఆʹΑΔଟॏൺֱΛ͓͜ͳͬͨɽ݁Ռͱͯ͠ɼʮ೉͍͠ - ؆୯
ʢp = 1.1 ∗ 10−08ʣʯɼɹʮ೉͍͠ - ී௨ʢp = 0.0059ʣʯɼʮ೉͍͠ - ؆୯ʢp = 0.0173ʣʯ͍ͣΕͷ૊Έ߹Θ
ͤʹ͓͍ͯ΋༗ҙ͕ࠩΈΒΕͨɽ
ΞΫηϯτͷ༗ແཁҼʹ͍ͭͯ͸ɼશඃݧऀɾશϦζϜύλʔϯʹ͓͚ΔɼϦζϜύλʔϯͷΈ৚݅ɾΞ
Ϋηϯτ৚݅Λର৅ͱͯ͠ɼ΢ΟϧίΫιϯͷූ߸ॱҐݕఆΛ͓͜ͳͬͨɽ݁Ռͱͯ͠ɼϦζϜύλʔϯͷ
Έ৚݅ͱΞΫηϯτ৚݅ͷؒͰ༗ҙ܏޲ʢp = 0.0527ʣ͕ΈΒΕͨɽ
3.2.2 ओ؍೉қ౓
ܹࢗ΁ͷλοϐϯά௚ޙʹඃݧऀʹ౴͑ͯ΋Βͬͨɼʮࠓͷܹ͕ࢗͲͷఔ౓೉͔͔ͬͨ͠ʯͷ 5ஈ֊ධՁ
ʢ1:ͱͯ΋؆୯ - 5:ͱͯ΋Ή͔͍ͣ͠ʣͷ݁ՌΛهड़͢Δɽ
ϦζϜύλʔϯͷෳࡶ͞ɾ৚݅ͷશ૊Έ߹Θͤʹ͓͚Δશඃݧऀͷओ؍೉қ౓ͷฏۉΛਤ 3.6ʹࣔ͢ɽॎ
͕࣠ F஋ɼԣ͕࣠৚݅Ͱ͋Γɼ৭ͷೱ͕͞ϦζϜύλʔϯͷෳࡶ͞Λࣔ͢ɽ
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ਤ 3.6: ϦζϜύλʔϯͷෳࡶ͞ʷ৚݅ͷ͢΂ͯͷ૊Έ߹Θͤʹ͓͚Δશඃݧऀओ؍೉қ౓ฏۉ
ओ؍೉қ౓ʹؔͯ͠΋ɼF஋ಉ༷ʹ෼ࢄ෼ੳΛҎԼͷ 2ճʹ෼͚͓ͯ͜ͳͬͨɽ
• ϦζϜύλʔϯͷෳࡶ͞ཁҼͱɼॏ৞ཁҼͷ෼ੳ
ϦζϜύλʔϯͷΈ৚݅ɼ͓Αͼɼॏ৞͋Γͷ 4৚݅ʹ͓͚Δओ؍೉қ౓ʢඃݧऀɾϦζϜύλʔϯ
ͷෳࡶ͞ɾ৚݅ͷ 3ཁҼʣʹର͢Δ෼ࢄ෼ੳɼ͓ΑͼϙετϗοΫݕఆɽ
• ΞΫηϯτͷ༗ແཁҼͷ෼ੳ
ϦζϜύλʔϯͷΈ৚݅ͱɼΞΫηϯτ৚݅ͷൺֱɽ
ॏ৞৚݅ͷ෼ࢄ෼ੳͷ݁ՌΛද 3.4 ʹࣔ͢ɽඃݧऀɼϦζϜύλʔϯͷෳࡶ͞ɼ͓ΑͼɼඃݧऀͱϦζ
Ϝύλʔϯͷෳࡶ͞ͷަޓ࡞༻ɼඃݧऀͱ৚݅ʢॏ৞ʣͷަޓ࡞༻ɼͷཁҼʹ͍ͭͯ༗ҙ͕ࠩΈΒΕͨ
ʢp < 0.05ʣɽ
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ද 3.4: ॏ৞৚݅ͷ෼ࢄ෼ੳʢओ؍೉қ౓ʣ
Df Sum Sq Mean Sq F value Pr(>F)
ඃݧऀ 8 310.27 38.78 58.829 < 2.00 ∗ 10−16 ***
ϦζϜෳࡶ͞ 2 50.95 25.47 38.64 1.75 ∗ 10−15 ***
৚݅ʢॏ৞ʣ 4 4.78 1.19 1.811 0.127
ඃݧऀɿϦζϜෳࡶ͞ 16 38.43 2.4 3.643 4.96 ∗ 10−06 ***
ඃݧऀɿ৚݅ʢॏ৞ʣ 32 35.98 1.12 1.706 0.0129 *
ϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 8 6.48 0.81 1.229 0.2818
ඃݧऀɿϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 64 27.69 0.43 0.656 0.9775
Residuals 270 178 0.66
·ͨɼओ؍೉қ౓ʹରͯ͠ͷ෼ࢄ෼ੳͷ͋ͱɼ༗ҙͰ͋ͬͨཁҼͷ͏ͪɼʮϦζϜύλʔϯͷෳࡶ͞ʯʹ
͍ͭͯͷϙετϗοΫݕఆΛ͓͜ͳͬͨɽશඃݧऀɾશ৚݅ʹ͓͚Δओ؍೉қ౓Λର৅ͱͯ͠ɼϘϯϑΣ
ϩʔχ๏ʹΑΔิਖ਼Λ͔͚ɼ΢ΟϧίΫιϯͷූ߸ॱҐݕఆʹΑΔଟॏൺֱΛ͓͜ͳͬͨɽ݁Ռͱͯ͠ɼ
ʮ೉͍͠ - ؆୯ ʢp = 2.6 ∗ 10−10ʣʯɼɹʮ೉͍͠ - ී௨ʢp = 0.00014ʣʯɼʮ೉͍͠ - ؆୯ ʢp = 0.00310ʣʯ
͍ͣΕͷ૊Έ߹Θͤʹ͓͍ͯ΋༗ҙ͕ࠩΈΒΕͨɽ
ΞΫηϯτͷ༗ແཁҼʹ͍ͭͯ͸ɼશඃݧऀɾશϦζϜύλʔϯʹ͓͚ΔɼϦζϜύλʔϯͷΈ৚݅ɾΞ
Ϋηϯτ৚݅Λର৅ͱͯ͠ɼ΢ΟϧίΫιϯͷූ߸ॱҐݕఆΛ͓͜ͳͬͨɽ݁Ռͱͯ͠ɼϦζϜύλʔϯͷ
Έ৚݅ͱΞΫηϯτ৚݅ͷؒͰ༗ҙ͕ࠩΈΒΕͨʢp = 0.008301ʣɽ
3.2.3 ૬ରҐ૬
͜͜Ͱ͸ɼFujiiΒ͕λοϐϯάͷਫ਼౓ͷࢦඪͱͯ͠ఏҊͨ͠ Relative Phase [9]Λ༻͍ͨ෼ੳͷ݁ՌΛ
ਤࣔ͢ΔɽRlative PhaseʢҎޙɼຊߘͰ͸૬ରҐ૬ͱݺͿʣ͸ɼܹࢗશମͷத͔ΒͲͷλΠϛϯάͰλο
ϓͨ͠ͷ͔ɼͰ͸ͳ͘ɼഥͱഥͷؒͷ࣌ؒ (Inter-Tap Interval)ͷ͏ͪͲͷλΠϛϯάͰλοϓ͔ͨ͠ɼΛ
ࣔ͢΋ͷͰ͋ΓɼຊߘͰ͸ͦͷώετάϥϜʹΑͬͯλοϓͷ܏޲ΛݟΔɽF஋͕ʮ͍͔ʹϦζϜೝ஌͕Ͱ
͖͍ͯΔ͔ʯΛද͢ͷʹରͯ͠ɼ૬ରҐ૬ͷώετάϥϜ͸ɼλοϓͷඍົͳλΠϛϯάͷζϨ΍ɼඃݧऀ
͝ͱͷ܏޲ͳͲʹண໨͢Δͷʹద͍ͯ͠Δɽ͜͜Ͱ͸ಛʹɼ֤ඃݧऀ͝ͱͷݸਓࠩʹண໨͢ΔͨΊʹ͜ͷ
෼ੳํ๏Λ༻͍Δɽ
֤ඃݧऀʹ͓͚ΔɼϦζϜύλʔϯͷΈ৚݅Ͱͷશܹࢗʹର͢Δ૬ରҐ૬ͷώετάϥϜΛਤ 3.7 ʹࣔ
͢ɽਤதɼ֯౓͸࣌ؒͱରԠ͓ͯ͠ΓɼҰप͕ഥͱഥͷؒͷ࣌ؒʹ૬౰͢Δɽͭ·Γɼ0◦ ͕ഥʹରԠ͠ɼ
180◦ ͕γϯίϖʔγϣϯͷλΠϛϯάʹରԠ͢ΔɽώετάϥϜ͸ 36ݸͷ۠ؒʹ෼͚ͨɽ൒ܘ͸ͦͷ۠
ؒͰλοϓׂ͕͓ͬͨ͜߹Λࣔ͢ɽ
·ͨɼਤͷԼʹ෇هͯ͋͠Δ਺஋͸ͦΕͧΕɼSIarv͕ʮഥ΁ͷۙ͞ʯΛɼSIlrv͓Αͼ SIent͕λοϓ
ͷҰ؏ੑΛࣔ͢ࢦඪͰ͋ΔɽSIarv (−180 < SIarv ≤ 180)͕ 0ʹ͚ۙΕ͹ɼഥʹ͍ۙλοϓ͕ଟ͍͜ͱ
Λࣔ͠ɼSIlrv (0 ≤ SIlrv ≤ 1)ͱ SIent(0 ≤ SIent ≤ 1)͕ߴ͚Ε͹Ұ؏͍ͯۙ͠λΠϛϯάͰλοϓ͠
͍ͯΔ͜ͱΛҙຯ͢Δɽࢉग़ํ๏͸٭஫ʹهड़͢Δɽ*7
*7 FujiiΒ͸͜ΕΒͷࢦඪΛ Synchronization Indices (SIs)ͱݺΜͰ͍Δɽ
λοϓҰͭҰͭΛɼ൒ܘ͕ 1 ͷԁप্ͷ 1 ఺Λࢦ͢ϕΫτϧͱͯ͠ɼର৅ͱͳΔ͢΂ͯͷλοϓʹରԠ͢ΔϕΫτϧΛ߹
੒ͯ͠ɼλοϓͷ૯਺ͰׂΔૢ࡞Λߦ͏ɽͦͷૢ࡞ͷ݁Ռͱͯ͠Ͱ͖ͨ߹੒ϕΫτϧͷ֯౓͕ SIarv (Angle of Resultant
Vector)ɼେ͖͕͞ SIlrv (Synchronization Index; Length of Resultant Vector)Ͱ͋Δɽ
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ਤ 3.7: ϦζϜύλʔϯͷΈ৚݅Ͱͷશܹࢗʹର͢Δ૬ରҐ૬ͷώετάϥϜ
ϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ͔Βɼඃݧऀ S1, S2 S5, S8, S9͸΄ͱΜͲഥͷप
ลΛҰ؏ͯ͠λοϓ͍ͯ͠ΔҰํͰɼS3, S6, S7͸ഥҎ֎ͷλΠϛϯάͰͷλοϓ΋Ұఆ਺͓͜ͳ͍ͬͯ
Δ͜ͱɼS4͸͢΂ͯͷλΠϛϯάͰ΄΅ಉ౳ʹλοϓ͍ͯ͠Δ͜ͱ͕෼͔Δɽ·ͨɼඃݧऀ S2ɼS5ɼS7ɼ
S9͸ഥΑΓ΋গ͠ૣ͍λΠϛϯά*8Ͱλοϓ͢Δ܏޲͕͋ͬͨɽ
·ͨɼ૬ରҐ૬ͷώετάϥϜͷΤϯτϩϐʔΛ SE ΛɼSE =
∑M
i=1
p(i)lnp(i)Ͱࢉग़͢Δɽ͜͜ͰM ͸ώετάϥϜ্
Ͱ֬཰ʢਤͷ্Ͱ͸൒ܘʣ͕ 0Ͱͳ͍۠ؒͷ૯਺Λࣔ͠ɼp(i)͸ͦͷ۠ؒͰͷ֬཰Λࣔ͢ɽSIent (entropy of relative-phase
distribution)͸ɼ SIent = 1−SE
lnN
Ͱࢉग़͞ΕΔɽ͜͜ͰɼN ͸ώετάϥϜͷ෼ׂ਺ʢຊߘͰ͸ 36ʣͰ͋Δɽͭ·ΓΤϯ
τϩϐʔΛ 0-1ʹਖ਼نԽͯ͠ɼ1ʹ͍ۙ΄ͲҰ؏ੑ͕͋Δɼͱ͍͏஋ʹม׵ͨ͠΋ͷͰ͋ΔɽSIent͸ɼSIlrvʹൺֱͯ͠ɼഥ
ͱγϯίϖʔγϣϯͷλοϓ͕ಉ౳ʹଘࡏ͢ΔΑ͏ͳ૒ๆੑͷ͋ΔώετάϥϜΛݕ஌͢Δ͜ͱʹ༏Ε͍ͯΔ͕ɼຊ࣮ݧͰ͸
ͦͷΑ͏ͳࢼߦ͸͋·ΓݟΒΕͳ͔ͬͨɽ
*8 ͳ͓ɼઌड़ͷ F஋͸ɼ૬ରҐ૬ͷώετάϥϜͰ͍͑͹-90◦ ͔Β 90◦ Λʮਖ਼͍͠ഥʯͱ͍ͯ͠ΔͨΊɼ͜ΕΒͷඃݧऀ΋ਖ਼͠
͍λΠϛϯάͰλοϓ͍ͯ͠Δͱ൑அ͞Ε͍ͯΔɽ
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࣍ʹɼ֤ඃݧऀʹ͓͚ΔɼΞΫηϯτ৚݅Ͱͷશܹࢗʹର͢Δ૬ରҐ૬ͷώετάϥϜΛਤ 3.8ʹࣔ͢ɽ
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ਤ 3.8: ΞΫηϯτ৚݅Ͱͷશܹࢗʹର͢Δ૬ରҐ૬ͷώετάϥϜ
ϦζϜύλʔϯͷΈ৚݅ͱൺֱͯ͠ɼS3, S4, S6, S7 ʹ͓͍ͯഥपลͷλοϓ͕૿Ճͨ͜͠ͱ͕ɼώε
τάϥϜ͓ΑͼҰ؏ੑͷࢦඪ SIlrvɾSIentͷ૿Ճ͔Β෼͔Δɽͦͷଞͷඃݧऀ͸ɼϦζϜύλʔϯͷΈ৚
݅ɼΞΫηϯτ৚͍݅ͣΕͰ΋ਖ਼֬ͳλοϐϯά͕Ͱ͖͍ͯͨͨΊɼఱҪޮՌʹΑΓݦஶͳࠩ͸ݟΒΕͳ
͔ͬͨɽ
·ͨɼҎԼͰ͸֤ඃݧऀʹ͓͍ͯɼ৚݅΍ϦζϜύλʔϯͷෳࡶ͞͝ͱͷ૬ରҐ૬ͷώετάϥϜΛݟͨ
ࡍʹɼͱΓΘ͚ݦஶͳಛ௃͕ݟΒΕͨ΋ͷͷΈΛݴٴ͢Δɽ͢΂ͯͷඃݧऀʹ͓͚Δ৚݅ɾϦζϜύλʔϯ
ͷෳࡶ͞͝ͱͷ૬ରҐ૬ͷώετάϥϜ͸෇࿥ Bʹܝࡌ͢Δɽ
ඃݧऀ S5ͷɼ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜΛਤ 3.9ʹࣔ͢ɽ
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●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −23.683°
SIlrv = 0.920
SIent = 0.369
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −27.338°
SIlrv = 0.835
SIent = 0.269
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 4.321°
SIlrv = 0.699
SIent = 0.299
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −22.008°
SIlrv = 0.483
SIent = 0.174
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −15.222°
SIlrv = 0.780
SIent = 0.279
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 8.938°
SIlrv = 0.219
SIent = 0.057
ਤ 3.9: ඃݧऀ S5ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
ඃݧऀ S5͸ɼϋʔϞχοΫԻͷॏ৞͕͋Δܹࢗʹରͯ͠໌֬ʹλοϓͷਫ਼౓͕Լ͕͍ͬͯΔɽ
ඃݧऀ S3, S6, S7ͦΕͧΕʹ͍ͭͯɼϦζϜύλʔϯͷΈ৚݅ͰͷɼϦζϜύλʔϯͷෳࡶ͞͝ͱͷ૬
ରҐ૬ͷώετάϥϜΛਤ 3.10ɼ3.11ɼ3.12ʹࣔ͢ɽ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 1.562°
SIlrv = 0.897
SIent = 0.404
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −28.696°
SIlrv = 0.783
SIent = 0.274
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 100.256°
SIlrv = 0.131
SIent = 0.084
ਤ 3.10: ඃݧऀ S3ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
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●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 2.304°
SIlrv = 0.610
SIent = 0.230
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −17.358°
SIlrv = 0.301
SIent = 0.105
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 73.814°
SIlrv = 0.290
SIent = 0.168
ਤ 3.11: ඃݧऀ S6ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 1.609°
SIlrv = 0.779
SIent = 0.294
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −31.777°
SIlrv = 0.884
SIent = 0.356
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.925°
SIlrv = 0.297
SIent = 0.108
ਤ 3.12: ඃݧऀ S7ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
ඃݧऀ S3, S6, S7͸ɼϦζϜύλʔϯͷෳࡶ͞ʹΑͬͯλοϓͷਫ਼౓͕ࠨӈ͞ΕΔ܏޲͕ಛʹڧ͔ͬͨɽ
ͳ͓ɼ͜͜ʹࡌͤͨҎ֎Ͱ͸ɼ͍ͣΕͷඃݧऀ΋ɼॏ৞৚݅΍ϦζϜύλʔϯͷෳࡶ͞ʹΑͬͯλοϓͷ
ਫ਼౓͕ࠨӈ͞ΕΔ܏޲͸ݦஶͰ͸ͳ͔ͬͨɽ
3.3 ߟ࡯
F஋͓Αͼओ؍೉қ౓ͷ͍ͣΕͷ෼ੳʹ͓͍ͯ΋ɼʮϦζϜύλʔϯͷෳࡶ͞ʯ͸༗ҙͰ͋Γɼ͔ͭɼʮॏ
৞ͷ༗ແͱڧ͞ʯ͸༗ҙͰ͸ͳ͔ͬͨɽʮΞΫηϯτͷ༗ແʯʹؔͯ͠͸ɼओ؍೉қ౓͸༗ҙ͕͕ࠩ͋ͬͨɼ
F஋͸༗ҙ܏޲ʹͱͲ·ͬͨɽ·ͨɼ෼ࢄ෼ੳͰʮඃݧऀʯཁҼ͕༗ҙͰ͋ͬͨ͜ͱɼ͓Αͼ૬ରҐ૬ͷ෼
ੳ͔Βɼ֤ඃݧऀ͝ͱʹݸਓ͕ࠩେ͖͔ͬͨ͜ͱ͕෼͔ͬͨɽҎԼͰɼͦΕͧΕͷཁҼɼ͓Αͼݸਓࠩʹؔ
͢Δߟ࡯Λهड़͢Δɽ
3.3.1 ϦζϜύλʔϯͷෳࡶ͞
ϦζϜύλʔϯͷෳࡶ͞ʹ͍ͭͯ͸ɼF஋͓Αͼओ؍೉қ౓͍ͣΕ΋ɼ෼ࢄ෼ੳʹ͓͍ͯ༗ҙͳཁҼͰ͋
ΓɼϙετϗοΫݕఆͰ΋೉қ౓ؒͷ༗ҙ͕ࠩ͋ͬͨɽ͢ͳΘͪɼϦζϜύλʔϯͷෳࡶ͕͞ɼϦζϜೝ஌
ͷ೉қ౓ʹӨڹΛ༩͍͑ͯͨͱ͍͑Δɽ
ϦζϜύλʔϯͷෳࡶ͕͞ϦζϜೝ஌ʹӨڹΛ༩͑ͨ͜ͱ͸ɼ݈ௌऀΛର৅ͱͨ͠ઌߦݚڀ [31]ͱҰக
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͢ΔɽPovel and Essens ʹΑΕ͹ɼਓؒ͸ϦζϜೝ஌Λ͢Δࡍʹɼ೴಺ͰϦΞϧλΠϜʹԻྻͷपظύ
λʔϯΛղੳ͍ͯ͠Δͱͷ͜ͱͰ͋Γɼͦͷपظύλʔϯղੳʹ͸ʮΞΫηϯτͷͳ͍ԻྻʹΞΫηϯτΛ
ײ͡Δʯ͜ͱ͕ؔΘ͍ͬͯΔ [31]ͱ͍͏ɽ͢ͳΘͪɼਓؒ͸ɼಉ͡ԻͷԻྻʹରͯ͠ɼ(1) ݽཱ͢ΔԻɼ(2)
2࿈ଓͷԻͷ 2ݸΊͷԻɼ(3)3࿈ଓҎ্ͷԻͷ࠷ॳͱ࠷ޙͷԻɼͷ 3ͭʹΞΫηϯτΛײ͡Δͱ͍͏͜ͱ
͕෼͔͓ͬͯΓ [32]ɼͦͷ৘ใ͔ΒपظύλʔϯͷղੳΛ͓͜ͳ͍ɼϦζϜೝ஌Λ͢Δͱ͍͏͜ͱͰ͋Δɽ
ຊ࣮ݧͰ༻͍ͨϦζϜͷෳࡶ͞ͷࢦඪ͸্هͷߟ͑ํʹج͍ͮͯ࡞ΒΕͨ΋ͷͰ͋Δ͜ͱ͔Βɼௌ֮ো֐
ऀͰ͋ͬͯ΋ɼ݈ௌऀಉ༷ʹɼΞΫηϯτͷͳ͍ԻʹΞΫηϯτΛײ͡Δ͜ͱɼͦΕΛ΋ͱʹͯ͠ϦζϜೝ
஌Λ͓͜ͳ͍ͬͯΔ͜ͱɼͦͯ͠ɼͦ͏͍ͬͨೳྗ͸ௌྗʹΑΒͣ֫ಘ͞ΕΔɼͱ͍͏Մೳੑ͕ࣔࠦ͞Ε
ͨɽͨͩ͠ɼຊ࣮ݧͰ͸ϦζϜύλʔϯͷෳࡶ͞Λ 3ஈ֊ʹݮΒͨ͜͠ͱ΍ɼΞΫηϯτͷͳ͍ԻʹΞΫ
ηϯτΛײ͡Δ͔Ͳ͏͔ͱ͍͏ͷ͸·ͨผͷ࣮ݧͰ͋ΔͨΊɼΑΓ֬ূΛಘΔʹ͸ߋͳΔݕূ͕๬·ΕΔɽ
3.3.2 ΞΫηϯτͷ༗ແ
ΞΫηϯτͷ༗ແཁҼ͸ɼF஋ʹ͍ͭͯ͸༗ҙ܏޲ʢp = 0.0527ʣʹͱͲ·͕ͬͨɼओ؍೉қ౓ʹ͸༗ҙ
ࠩʢp = 0.008301ʣ͕ݟΒΕͨɽ͢ͳΘͪɼओ؍తʹ͸ɼΞΫηϯτ͕͋Δํ͕໌֬ʹ؆୯Ͱ͕͋ͬͨɼͦ
Ε͕݁Ռͱͯ͠ݱΕΔ܏޲͸ൺֱతগͳ͔ͬͨɼͱ͍͏͜ͱʹͳΔɽ
F஋͕༗ҙ܏޲ʹͱͲ·ͬͨͷ͸ɼجຊతʹ͸ɼF஋͕શମతʹ 1ʹ͔ۙͬͨ͜ͱ͕ཧ༝Ͱ͋Δͱߟ͑Β
ΕΔɽ͢ͳΘͪɼF஋ʹ͸ఱҪޮՌ͕͋ͬͨͨΊʹɼΞΫηϯτͷ༗ແʹؔΘΒͣߴ͍ F஋Λ֫ಘͰ͖ͨ
ࢼߦ͕ଟ͘ɼ೉қ౓ࠩΛ٬؍తʹ͸؍ଌͰ͖ͳ͔ͬͨͱ͍͏͜ͱͰ͋Δɽ
ҰํͰɼඃݧऀΒͷओ؍తͳධՁʹ͸ɼΞΫηϯτͷ༗ແ͕༗ҙʹӨڹΛ༩͍͑ͯͨɽ͢ͳΘͪɼʮϦζ
Ϝೝ஌͕Ͱ͖ͯɼߴ͍ F஋Λ֫ಘͰ͖Δʯͱ͍͏ܹࢗͰ͋ͬͯ΋ʮΞΫηϯτ͕͋Δํ͕؆୯ʯͰ͋Δͱ
ධՁͨ͠΋ͷͱߟ͑ΒΕΔɽ
Ҏ্Λ౿·͑ΔͱɼΞΫηϯτͷ༗ແ͕ϦζϜೝ஌ͷ೉қ౓ʹӨڹΛ༩͍͑ͯͨͱ͍͑Δɽ
3.3.3 ॏ৞ͷ༗ແͱڧ͞
ॏ৞ͷ༗ແͱڧ͞͸ɼF஋͓Αͼओ؍೉қ౓͍ͣΕ΋ɼ༗ҙͳཁҼͰ͸ͳ͔ͬͨɽ
͔͠͠ɼඃݧऀ͝ͱʹݟͯΈΔͱɼ΄ͱΜͲͷඃݧऀ͸ॏ৞ͷ༗ແͰ໌֬ͳ͕ࠩݟΒΕͳ͔ͬͨͷʹର͠
ͯɼS5ʹ͓͍ͯͷΈॏ৞৚݅ͷܹࢗʹର͢Δλοϐϯάͷਫ਼౓͕Լ͕͍ͬͯͨʢਤ 3.9ʣɽ͜ͷ͜ͱ͔Βɼ
ॏ৞Ի͕೉қ౓ʹӨڹΛ༩͑ͳ͍ͱ͍͏Θ͚Ͱ͸ͳ͍ɼͱਪ࡯͞ΕΔɽ
·ͨɼS5 ͷ৔߹ɼϊΠζॏ৞ԻΑΓ΋ɼϋʔϞχοΫॏ৞ԻͰݦஶʹλοϐϯάͷਫ਼౓͕Լ͕͍ͬͯ
ͨɽϦζϜύλʔϯͷԻ͸ɼಛఆͷجຊप೾਺Λ࣋ͨͳ͍ͱ͍͏ҙຯͰ͸ϊΠζॏ৞ԻͱಉछͰ͋ΔɽҰ
ํͰɼϋʔϞχοΫॏ৞Ի͸ಛఆͷجຊप೾਺Λ࣋ͭԻͷ࿨ԻʹΑͬͯߏ੒͞Ε͍ͯΔɽͦͷͨΊɼ܈Խͷ
๏ଇ [6]ʹै͏ͷͰ͋Ε͹ɼಉछͷԻ͕ࠞ͟Δ৔߹ͷબ୒తͳௌऔ͕ࠔ೉͋Δͱ༧૝͞ΕΔ͕ɼ݁Ռͱͯ͠
͸ٯͱͳͬͨɽͳͥϋʔϞχοΫॏ৞ԻͰݦஶʹϦζϜೝ஌͕ࠔ೉ͱͳ͔ͬͨ͸ɼݱஈ֊Ͱ͸ෆ໌Ͱ͸͋
Δ΋ͷͷɼ͜ͷ఺ʹؔͯ͠͸ɼ͞ΒͳΔௐࠪΛਐΊΕ͹ɼ݈ௌऀʹ͸ͳ͍ಛ௃͕ݟग़͞ΕΔՄೳੑ͕͋Δɽ
·ͨɼओ؍೉қ౓ʹ͓͍ͯ͸ɼඃݧऀཁҼͱॏ৞ཁҼͷަޓ࡞༻ʹ͓͍ͯ༗ҙ͕ࠩݟΒΕ ʢͨp = 0.0129ʣɽ
͢ͳΘͪɼશମతͳ܏޲ͱͯ͠͸ॏ৞ͷ༗ແʹΑͬͯओ؍೉қ౓͸มΘΒͳ͔ͬͨ΋ͷͷɼඃݧऀʹΑͬͯ
͸ɼॏ৞Ի͕͋Δํ͕ϦζϜೝ஌͕ࠔ೉Ͱ͋Δͱײͨ͡ɼͱ͍͏͜ͱͰ͋Δɽॏ৞Ի͸ɼ͢ͳΘͪෳ਺ͷ
Իͷத͔Βௌ͖͍ͨԻʹબ୒తʹूத͢Δͱ͍͏ϓϩηεΛ൐͏ɽ݈ௌऀͰ͸ɼ͜ͷબ୒తͳௌऔʢ܈Խʣ
Λɼಛผͳ࿑ྗΛ༻͍ͣʹߦ͑ΔʢྫɿԻָͷυϥϜͷԻ͚ͩΛબ୒తʹௌ͘౳ʣ͕ɼௌ֮ো֐ऀʹͱͬͯ
͸ɼબ୒తͳௌऔʹରͯ͠ҙࣝతͳ౒ྗΛ൐͏Մೳੑ͕ɼओ؍೉қ౓ͷධՁ͔Βࣔࠦ͞ΕΔɽ
Ҏ্͔Βɼॏ৞Ի͸ɼશମతͳ݁Ռͱͯ͠ϦζϜೝ஌ͷ೉қ౓ʹ༩͑ͨӨڹ͸গͳ͍΋ͷͷɼݸਓʹΑͬ
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ͯ͸ӨڹΛ༩͑Δ͜ͱ͕ࣔࠦ͞Εͨɽ
·ͨɼࠓճͷ࣮ݧͰ͸ɼॏ৞Իͷڧ͞ΛɼϦζϜύλʔϯͷԻͷڧ͞ͱಉఔ౓ʹͱͲΊͨɽ͞Βʹɼॏ৞
ԻΛ୯ҰͷԻͱ͠ɼৗʹҰఆͷಉ͡Ի͕ྲྀΕଓ͚ΔΑ͏ʹͨ͠ɽ͔͠͠ɼ࣮ࡍͷԻָͰ͸ɼෳ਺ͷԻ͕ࠞ͡
Γ߹͍ɼͦΕͧΕͷָثԻ͕ҟͳΔϦζϜύλʔϯΛ͍࣋ͬͯΔ΋ͷͰ͋Δɽࠓճͷ࣮ݧͷΑ͏ͳ୯७ͳ
ॏ৞Ͱ͋Ε͹ɼϦζϜೝ஌΁ͷӨڹΛ༩͑ͳͯ͘΋ɼ࣮ࡍͷԻָͷΑ͏ͳෳࡶͳॏ৞ঢ়گʹ͓͍ͯ͸ϦζϜ
ೝ஌ʹӨڹΛ༩͑ΔՄೳੑ͸͋Δͱߟ͑Δɽ
3.3.4 ݸਓࠩɾݸਓʹண໨ͨ͠ݕ౼
্هͷ߲໨Ͱ΋৮Ε͕ͨɼ݁Ռʹ͸ݸਓ͕ࠩେ͖͔ͬͨɽ
ඃݧऀຖͷϦζϜύλʔϯͷΈ৚݅Ͱͷશܹࢗ΁ͷλοϐϯάͷҰ؏ੑʢਤ 3.7ʣΛݟΔͱɼඃݧऀ S1,
S2, S5, S8, S9 ͸ɼ֓Ͷ͢΂ͯͷܹࢗʹରͯ͠ϦζϜೝ஌͕Ͱ͖͍ͯͨͱߟ͑ΒΕΔɽ͜ΕΒͷඃݧऀͷ
ฏۉௌྗϨϕϧͷࣗݾਃࠂ͸ɼॱʹ 70dB, 83dB, 95dB, 90dB, 65dBͰ͋ͬͨʢද 3.1ʣɽҰํͰɼϦζϜ
ೝ஌ͷͰ͖ͳ͍ܹ͕ࢗΈΒΕͨඃݧऀ S3, S4, S6, S7ͷฏۉௌྗϨϕϧ͸ 110dB, 120dB, 90dB, 85dBͰ
͋ͬͨɽ
ฏۉௌྗϨϕϧ͕͍ۙൣғ಺ʹ͋Γͳ͕Β΋ɼS5ͱ S8ʹൺ΂ͯɼS6ͱ S7͸λοϐϯάͷҰ؏ੑ͕௿
͍܏޲͕͋Δɽ͜ΕΒͷඃݧऀΛൺֱ͢Δͱɼඃݧऀ S5ͱ S8͸ݴޠ֫ಘޙʢ8ࡀɼ13ࡀʣͷௌྗଛࣦͰ
͋Γ௕ظؒͷԻָܦݧΛ࣋ͭҰํͰɼS6ͱ S7͸ݴޠ֫ಘલͷௌྗଛࣦͰ͋Γ௕ظͷԻָܦݧΛ࣋ͨͳ͍ɽ
Իָܦݧ͕ϦζϜೝ஌ʹӨڹΛ༩͑Δ͜ͱ͸ઌߦݚڀ [25]ͷ݁ՌͱҰகͨ͠ɽ͔͠͠ͳ͕Βɼௌྗଛࣦ࣌
ظ͕༩͑ΔӨڹ͸͜Ε·Ͱʹௐ΂ΒΕ͓ͯΒͣɼS5, S8ͱɼS6, S7ͷϦζϜೝ஌ೳྗͷҧ͍͕ɼԻָܦݧ
͚ͩͰͳ͘ௌྗଛࣦ࣌ظʹ΋Өڹ͞Ε͍ͯΔͷ͔͸ෆ໌Ͱ͋Δɽਪଌͱͯ͠͸ɼ༮গظΛ݈ௌঢ়ଶͰԻָ
ௌऔΛ͠ͳ͕Βաͨ͝͠ͷͰ͋Ε͹ɼͦͷ࣌఺Ͱ݈ௌऀಉ༷ͷϦζϜೝ஌ೳྗ͕֫ಘ͞Ε͍ͯΔͱ͍͏͜
ͱ͸ࣗવͰ͋Γɼௌྗଛࣦ࣌ظ͕Өڹ͞Ε͍ͯΔՄೳੑ͸ߴ͍ͱߟ͑Δɽ
ඃݧऀ S3, S6, S7͸ϦζϜύλʔϯͷෳࡶ͞ཁҼͷӨڹΛେ͖͘ड͚͍ͯͨʢਤ 3.10, ਤ 3.11, ਤ 3.12ʣɽ
S6, S7͸ઌड़ͷ௨ΓʹԻָܦݧ͕ແ͍͜ͱ͕ݪҼͱ͔Μ͕͑ΒΕΔ͕ɼS3͸௕ظͷԻָܦݧ͕͋ͬͨɽS3
͸ੜ·Ε͖ͭͷௌྗଛࣦͰ͋Γɼ͔ͭฏۉௌྗϨϕϧ͕ 110dBͱɼ͔ͳΓॏ౓ͷো֐Ͱ͋Δ͜ͱ͕ͦͷݪ
ҼͰ͋Δͱߟ͑ΒΕΔɽͨͩ͠ɼʮฏۉௌྗϨϕϧ͕ϦζϜೝ஌ʹӨڹΛ༩͑Δʯͱ͍ͬͨ৔߹ʹɼೋͭͷ
Մೳੑ͕ߟ͑ΒΕΔɽ1ͭ໨͸ɼௌྗ͕௿͍͜ͱʹΑΓϦζϜೝ஌͕ࠔ೉ͱͳΔ৔߹ɼ2ͭ໨͸ɼௌྗ͕௿
͍͜ͱʹΑΓϦζϜೝ஌ೳྗΛʮൃୡʯͤ͞Δ͜ͱ͕ࠔ೉ͱͳΔ৔߹Ͱ͋Δɽͦͯ͠ɼ௕ظͷԻָܦݧΛ࣋
ͭ S3 ͕ɼෳࡶͳϦζϜύλʔϯͷೝ஌Λࠔ೉ͱͨ͠ͱ͍͏͜ͱ͸ɼௌྗͷ௿͞͸ϦζϜೝ஌ೳྗͷʮൃ
ୡʯʹӨڹΛ༩͑͏Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ·ͨɼͦͷ৔߹ɼௌྗଛࣦ࣌ظ͕஗͚Ε͹݈ௌऀಉ༷ͷϦζϜ
ೝ஌ೳྗͷൃୡ͕ͳ͞ΕΔͱ͍͏ઌड़ͷઆͱ΋ໃ६͕ͳ͍ɽҎ্ʹ͍ͭͯ͸ɼʮੜ·Ε͖ͭͷௌྗଛࣦ͔Ͳ
͏͔ʯɼʮฏۉௌྗϨϕϧ͸Ͳͷఔ౓͔ʯɼʮԻָܦݧ͸Ͳͷఔ౓͔ʯͱ͍͏ 3ͭͷཁҼΛج४ͱͯ͠ɼඃݧऀ
Λ૿΍ͨ͠ௐࠪΛ͓͜ͳ͑͹ΑΓ֬ূ͕ಘΒΕΔͩΖ͏ɽ
ॏ৞Իͷ༗ແͱڧ͞͸ S5ʹରͯ͠ͷΈӨڹ͕͋ͬͨʢਤ 3.9ʣɽ·ͨɼS5͸ॏ৞ͷͳ͍ܹࢗʹରͯ͠Ͱ
͋Ε͹ɼϦζϜύλʔϯͷෳࡶ͞ʹґΒͣϦζϜೝ஌͕Ͱ͖͍ͯͨɽ͜ͷ݁Ռ͸ɼϦζϜೝ஌ೳྗͱ͍ͬͯ
΋ɼʮෳࡶͳϦζϜύλʔϯ͔Βഥઅߏ଄Λ೺Ѳ͢Δೳྗʯͱʮॏ৞͢ΔԻͷத͔Β໨తͷԻΛબ୒తʹௌ
औ͢Δೳྗʯ͸ಠཱͰ͋Δͱ͍͏͜ͱΛ͍ࣔࠦͯ͠Δɽ࣮ફతʹ͸ɼௌ֮ো֐ऀ͕ԻָͷϦζϜೝ஌Λࠔ೉
ͱײ͍ͯ͡Δ৔߹ʹɼͲͪΒͷೳྗͷෆ଍ʹΑΔࠔ೉Ͱ͋Δͷ͔ɼͱ͍͏ͷΛ൑அ͢Δඞཁ͕͋Δɽ
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4 ·ͱΊ
4 ·ͱΊ
ຊߘͰ͸ɼௌ֮ো֐ऀͷϦζϜೝ஌ೳྗʹؔ͢Δݕ౼ͱͯ͠ɼ2ͭͷ࣮ݧΛߦ͍ɼͦͷ݁ՌΛใࠂͨ͠ɽ
1ͭ໨ͷʮ௕ظ࣮ݧʯͰ͸ɼλοϐϯάήʔϜ͕ௌ֮ো֐ऀͷϦζϜೝ஌ೳྗΛ޲্ͤ͞Δ͔Λௐ΂Δͨ
Ίʹɼ௕ظʹ౉ΓτϨʔχϯάͱςετΛ܁Γฦ࣮͢ݧΛ͓͜ͳͬͨɽ࣮ݧͷ݁ՌɼϦζϜೝ஌ೳྗͷ޲্
͸؍ଌ͞Εͳ͔͕ͬͨɼͦͷݪҼ͸ήʔϜͷϓϨΠ࣌ؒͷෆ଍͕ओͳݪҼͰ͋ͬͨͨΊɼϦζϜೝ஌ೳྗͷ
޲্ޮՌ͕͋Δ͔൱͔Λݕূ͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨɽ·ͨɼςετύʔτ͔Β෭࣍తʹಘΒΕͨ݁ՌͰ
͸ɼௌ֮ো֐ऀ͕ʮࣗવʹײ͡Δςϯϙʯ͕ 120BPMલޙͰ͋Γɼ݈ௌऀͱಉ༷Ͱ͋Δ͜ͱɼϏʔτύʔ
ηϓγϣϯͷςετͰ͸ɼ݈ௌऀͱҟͳΔ܏޲͕͋ΔՄೳੑ͕ࣔࠦ͞Εͨɽ
2ͭ໨ͷʮ೉қ౓࣮ݧʯͰ͸ɼԻָͷͲͷΑ͏ͳཁૉ͕ɼௌ֮ো֐ऀͷϦζϜೝ஌೉қ౓ʹӨڹΛ༩͑Δ
͔Λௐ΂ͨɽ࣮ݧͷ݁ՌɼʮϦζϜύλʔϯͷෳࡶ͞ʯʮΞΫηϯτͷ༗ແʯ͕ӨڹΛ༩͑Δ͜ͱ͕෼͔ͬ
ͨɽ·ͨɼʮʢϦζϜύλʔϯʹରͯ͠ʣॏ৞͢ΔԻͷ༗ແͱڧ͞ʯʹ͍ͭͯ͸ɼҰ෦ͷඃݧऀʹ͓͍ͯڧ͘
ӨڹΛड͚͍ͯͨ͜ͱ͔ΒɼݸਓʹΑͬͯ͸ӨڹΛ༩͑Δ͜ͱ͕෼͔ͬͨɽॏ৞͢ΔԻʹ͍ͭͯ͸ɼԻ৭౳
ͷӨڹ΋͋Δ͜ͱ͕൑໌͠ɼ࣮ࡍͷԻָͷΑ͏ͳෳࡶͳॏ৞ঢ়گͰ͸ɼ͞ΒʹϦζϜೝ஌೉қ౓ʹӨڹΛ༩
͑͏Δ͜ͱ͕ࣔࠦ͞Εͨɽ·ͨɼඃݧऀ S5ͷέʔε͔Βɼ͜ΕΒͷ 3ͭͷཁૉͦΕͧΕʹର͢Δೳྗ͸ಠ
ཱͰ͋ΔՄೳੑ͕ਪ࡯͞Εͨɽ͞Βʹɼ݁Ռʹ͸ඃݧऀΒͷݸਓ͕ࠩ͋ΒΘΕɼݸਓࠩʹ͍ͭͯ͸ฏۉௌྗ
Ϩϕϧ΍Իָܦݧ͚ͩͰͳ͘ɼௌྗଛࣦ࣌ظͷӨڹ΋͋Δ͜ͱ͕ࣔࠦ͞Εͨɽ
ࠓޙͷ՝୊ͱͯ͠ɼ೉қ౓࣮ݧͰಘΒΕͨ஌ݟ͔Β೉қ౓ج४Λࡦఆ͢Δ͜ͱɼ͞Βʹͦͷ೉қ౓ج४Λ
ద༻ͨ͠ςετΛߟҊ͠ɼͦΕʹج͍ͮͯ௕ظ࣮ݧΛ͓͜ͳ͏͜ͱ͕ٻΊΒΕΔɽ೉қ౓࣮ݧͰ͸ɼಛʹॏ
৞ͷ༗ແɾछྨɾڧ͞ʹؔͯ͠ৄࡉͳݕ౼͕Ͱ͖ͳ͔ͬͨͨΊɼ৽ͨͳ࣮ݧʹΑΓ͞Βʹࡉ͔͘ॏ৞͕Ϧζ
Ϝೝ஌೉қ౓ʹ༩͑ΔӨڹʹ͍ͭͯݕ౼͢Δ͜ͱ΋ࠓޙͷ՝୊Ͱ͋Δɽ
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ࢦಋڭһͰ͋Δɼஜ೾େֶਤॻؗ৘ใϝσΟΞܥͷฏլৡઌੜɼࣉᖒ༸ࢠઌੜɼฒͼʹɼஜ೾େֶਤॻؗ
৘ใϝσΟΞܥͷদݪਖ਼थઌੜɼஜ೾ٕज़େֶ࢈ۀٕज़ֶ෦ͷฏլྤඒઌੜʹਂ͘ײँ͍ͨ͠·͢ɽઌੜ
ํʹ͸ɼࢲͷྗෆ଍ʹΑΓଟେͳ໎࿭Λ͔͚͖ͯͨͱࢥ͍·͕͢ɼͦΕͰ΋೤৺ʹࢦಋɾ͋Δ͍͸ڞಉݚڀ
Λ͍͖ͯͨͩ͠ɼେม৺ڧ͔ͬͨͰ͢ɽ
ਓͱԻͷ৘ใֶݚڀࣨͷಉظɾޙഐͷօ༷ʹ͸ɼݚڀʹ͍༷ͭͯʑͳΞυόΠε΍ҙݟΛ௖͍ͨ΄͔ɼ͋
ΒΏΔ໘Ͱࢧ͑ͱͳͬͯ͘Ε·ͨ͠ɽ͋Γ͕ͱ͏͍͟͝·͢ɽ
࣮ݧʹڠྗ͍͍ͯͨͩͨ͠ஜ೾ٕज़େֶͷௌ֮ো֐ֶੜͷօ༷ɼݚڀ΁ͷҙݟΛͩ͘͞Γɼσʔλఏڙͱ
͍͏ܗͰڠྗͯͩͬͨ͘͠͞ஜ೾େֶෟଐපӃͷా෵ઌੜɼ͓ΑͼݚڀʹؔΘͬͯ͘Εͨօ༷ʹײँ͍ͨ
͠·͢ɽ
࠷ޙʹɼ௕ֶ͍ੜੜ׆Λ௨ͯ͡ৗʹࢧԉͯ͘͠Εͨ྆਌ʹ৺͔ΒײँͷҙΛද͠·͢ɽ
ຊݚڀ͸ JSPSՊݚඅ 26780512, 26282001ͷॿ੒Λड͚ͨ΋ͷͰ͋Δɽ
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A ෇࿥ɿ೉қ౓࣮ݧͰͷશඃݧऀͷλοϓͷϓϩοτ
͜͜Ͱ͸ɼ೉қ౓࣮ݧʹ͓͚Δɼશඃݧऀͷશܹࢗ΁ͷλοϓ͓Αͼਖ਼ղͷഥͷλΠϛϯάΛɼඃݧऀ͝
ͱʹɼ࣌ؒ࣠ʹԊͬͯϓϩοτͨ͠ਤΛܝࡌ͢Δɽ
ҎԼͷਤͰ͸ɼԣ͕࣠࣌ؒΛද͠ɼॎ࣠͸ϦζϜύλʔϯΛද͢ɽॎ࣠ͷϦζϜύλʔϯ͸ɼ্͔Β؆୯
3ύλʔϯɼී௨ 3ύλʔϯɼ೉͍͠ 3ύλʔϯͰ͋Γɼද 3.2ͱॱংରԠ͢Δɽਤͷ্෦λΠτϧ͕৚݅
Λද͢ɽਤதɼփ৭ͷ఺ઢ͕ഥͷλΠϛϯάΛද͠ɼന͍ԁ͕ඃݧऀʹΑΔλοϓͷλΠϛϯάΛද͢ɽ
࣮ݧͰ͸ܹࢗͷςϯϙ͕ 110BPM - 130BPMͷؒͰϥϯμϜʹҟͳ͍ͬͯΔͨΊɼຊདྷ͸ഥͷλΠϛϯ
ά͕ଗ͏͜ͱ͸ͳ͍͕ɼ͜ͷਤͰ͸ՄࢹੑͷͨΊʹɼςϯϙΛಉҰʹਖ਼نԽͯ͠ϓϩοτ͍ͯ͠Δɽ
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A ෇࿥ɿ೉қ౓࣮ݧͰͷશඃݧऀͷλοϓͷϓϩοτ
0.0 0.2 0.4 0.6 0.8 1.0
normal
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
0.0 0.2 0.4 0.6 0.8 1.0
accented
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
0.0 0.2 0.4 0.6 0.8 1.0
noise_weak
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
0.0 0.2 0.4 0.6 0.8 1.0
harmonic_weak
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
0.0 0.2 0.4 0.6 0.8 1.0
noises_trong
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
0.0 0.2 0.4 0.6 0.8 1.0
harmonic_strong
d3
d2
d1
m3
m2
m1
e3
e2
e1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
ਤ A.9: ೉қ౓࣮ݧͰͷඃݧऀ S9ͷλοϐϯά
49
B ෇࿥ྫ 2
B ෇࿥ྫ 2
͜͜Ͱ͸ɼ೉қ౓࣮ݧʹ͓͚Δɼશඃݧऀͷ૬ରҐ૬ͷώετάϥϜΛɼ৚݅͝ͱɼ͓ΑͼϦζϜύλʔ
ϯͷΈ৚݅ͰͷϦζϜύλʔϯͷෳࡶ͞͝ͱʹग़ྗͨ͠ਤΛܝࡌ͢Δɽ
·ͣ͸ɼ৚݅ຖͷ૬ରҐ૬ͷώετάϥϜΛܝࡌ͢Δɽ
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −8.506°
SIlrv = 0.896
SIent = 0.341
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −6.023°
SIlrv = 0.930
SIent = 0.389
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −3.513°
SIlrv = 0.943
SIent = 0.424
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −7.183°
SIlrv = 0.948
SIent = 0.434
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −0.946°
SIlrv = 0.901
SIent = 0.353
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −8.639°
SIlrv = 0.911
SIent = 0.356
ਤ B.1: ඃݧऀ S1ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
50
B ෇࿥ྫ 2
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −42.121°
SIlrv = 0.791
SIent = 0.245
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −39.353°
SIlrv = 0.838
SIent = 0.293
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −40.422°
SIlrv = 0.861
SIent = 0.301
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −42.927°
SIlrv = 0.701
SIent = 0.210
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −46.068°
SIlrv = 0.831
SIent = 0.287
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −42.611°
SIlrv = 0.720
SIent = 0.242
ਤ B.2: ඃݧऀ S2ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −7.891°
SIlrv = 0.497
SIent = 0.118
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 2.608°
SIlrv = 0.910
SIent = 0.396
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.489°
SIlrv = 0.364
SIent = 0.101
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −15.185°
SIlrv = 0.624
SIent = 0.174
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −14.391°
SIlrv = 0.557
SIent = 0.142
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −21.895°
SIlrv = 0.347
SIent = 0.098
ਤ B.3: ඃݧऀ S3ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
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B ෇࿥ྫ 2
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −63.414°
SIlrv = 0.059
SIent = 0.023
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 0.908°
SIlrv = 0.310
SIent = 0.062
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −129.600°
SIlrv = 0.052
SIent = 0.031
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −160.964°
SIlrv = 0.083
SIent = 0.031
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −76.404°
SIlrv = 0.043
SIent = 0.028
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −57.135°
SIlrv = 0.055
SIent = 0.026
ਤ B.4: ඃݧऀ S4ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −23.683°
SIlrv = 0.920
SIent = 0.369
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −27.338°
SIlrv = 0.835
SIent = 0.269
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 4.321°
SIlrv = 0.699
SIent = 0.299
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −22.008°
SIlrv = 0.483
SIent = 0.174
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −15.222°
SIlrv = 0.780
SIent = 0.279
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 8.938°
SIlrv = 0.219
SIent = 0.057
ਤ B.5: ඃݧऀ S5ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
52
B ෇࿥ྫ 2
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 10.176°
SIlrv = 0.341
SIent = 0.081
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 29.999°
SIlrv = 0.605
SIent = 0.197
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 20.825°
SIlrv = 0.295
SIent = 0.064
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 8.533°
SIlrv = 0.370
SIent = 0.079
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 6.242°
SIlrv = 0.417
SIent = 0.089
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 30.669°
SIlrv = 0.353
SIent = 0.095
ਤ B.6: ඃݧऀ S6ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −16.489°
SIlrv = 0.634
SIent = 0.175
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −4.456°
SIlrv = 0.785
SIent = 0.258
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −9.243°
SIlrv = 0.635
SIent = 0.161
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −0.918°
SIlrv = 0.784
SIent = 0.252
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.911°
SIlrv = 0.720
SIent = 0.205
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.794°
SIlrv = 0.685
SIent = 0.185
ਤ B.7: ඃݧऀ S7ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
53
B ෇࿥ྫ 2
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −1.027°
SIlrv = 0.948
SIent = 0.435
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −6.586°
SIlrv = 0.969
SIent = 0.522
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 0.415°
SIlrv = 0.966
SIent = 0.487
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 1.925°
SIlrv = 0.960
SIent = 0.475
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −3.147°
SIlrv = 0.909
SIent = 0.410
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −0.351°
SIlrv = 0.954
SIent = 0.454
ਤ B.8: ඃݧऀ S8ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
normal
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −19.848°
SIlrv = 0.763
SIent = 0.267
●
accented
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −11.149°
SIlrv = 0.729
SIent = 0.255
●
noise_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −16.047°
SIlrv = 0.683
SIent = 0.249
●
harmonic_weak
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −12.272°
SIlrv = 0.749
SIent = 0.241
●
noise_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −23.411°
SIlrv = 0.783
SIent = 0.277
●
harmonic_strong
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −13.705°
SIlrv = 0.639
SIent = 0.246
ਤ B.9: ඃݧऀ S9ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
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B ෇࿥ྫ 2
࣍ʹɼϦζϜύλʔϯͷΈ৚݅ͰͷɼϦζϜύλʔϯͷෳࡶ͞͝ͱͷ૬ରҐ૬ͷώετάϥϜΛهࡌ
͢Δɽ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −7.282°
SIlrv = 0.941
SIent = 0.429
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −15.732°
SIlrv = 0.856
SIent = 0.317
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −2.852°
SIlrv = 0.903
SIent = 0.389
ਤ B.10: ඃݧऀ S1ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −30.473°
SIlrv = 0.905
SIent = 0.399
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −44.311°
SIlrv = 0.845
SIent = 0.321
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −53.853°
SIlrv = 0.659
SIent = 0.201
ਤ B.11: ඃݧऀ S2ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 1.562°
SIlrv = 0.897
SIent = 0.404
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −28.696°
SIlrv = 0.783
SIent = 0.274
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 100.256°
SIlrv = 0.131
SIent = 0.084
ਤ B.12: ඃݧऀ S3ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
55
B ෇࿥ྫ 2
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 37.195°
SIlrv = 0.019
SIent = 0.093
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 126.954°
SIlrv = 0.025
SIent = 0.058
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −67.442°
SIlrv = 0.263
SIent = 0.075
ਤ B.13: ඃݧऀ S4ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −37.413°
SIlrv = 0.919
SIent = 0.396
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −12.597°
SIlrv = 0.961
SIent = 0.480
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −21.188°
SIlrv = 0.925
SIent = 0.402
ਤ B.14: ඃݧऀ S5ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 2.304°
SIlrv = 0.610
SIent = 0.230
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −17.358°
SIlrv = 0.301
SIent = 0.105
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 73.814°
SIlrv = 0.290
SIent = 0.168
ਤ B.15: ඃݧऀ S6ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
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B ෇࿥ྫ 2
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 1.609°
SIlrv = 0.779
SIent = 0.294
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −31.777°
SIlrv = 0.884
SIent = 0.356
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.925°
SIlrv = 0.297
SIent = 0.108
ਤ B.16: ඃݧऀ S7ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = 7.722°
SIlrv = 0.955
SIent = 0.486
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −8.682°
SIlrv = 0.957
SIent = 0.470
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −2.262°
SIlrv = 0.950
SIent = 0.461
ਤ B.17: ඃݧऀ S8ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
●
easy
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −17.548°
SIlrv = 0.855
SIent = 0.371
●
medium
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −18.420°
SIlrv = 0.933
SIent = 0.413
●
difficult
0
30
60
90
120
150
180
−150
−120
−90
−60
−30
0.1
0.2
SIarv = −26.378°
SIlrv = 0.506
SIent = 0.211
ਤ B.18: ඃݧऀ S9ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
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